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LETTEK 


SECRETAR?  OP  THE  SMITHSONIAN  INSTITUTION, 

BCBHTRtNa 

THB    AXmVAL  SBPOBT   OF  THB    BOAB,D  OF   BSaSNTS  OF  TKK 
IHSTnOTlOV  FOB  THS  TBAB  BNSINa  JUNB  30,  1014. 


SHiTHSoiaAN  Instttdtion, 

Wa^inffton,  December  15,  1914. 
To  the  Congreta  ofihe  United  StaUs: 

In  accordance  wiUi  section  5593  of  the  Keviaed  Statutes  of  1h» 
United  States,  I  have  the  honor,  in  behalf  of  the  Board  of  Regents, 
to  submit  to  Congress  the  annual  report  of  the  operations,  expendi- 
tures, and  condition  of  the  Smithsonian  Institution  for  the  year  end- 
ing June  30,  1914.     I  have  the  honor  to  be, 

Very  respectfully,  your  obedient  servant, 

Chables  D.  Waloott,  Secretary. 


oyGooi^lc 


j,Goo>^lc 


CONTENTS. 


Letter  from  tlie  Secrtrtaiy  iubmittii^  the  Annual  Report  ol  the  Rege&ta  ti 

Congren 

Contents  of  the  report. 

List  of  plates 

General  Bubjecta  of  the  aannal  report. 

Officials  of  the  Institution  and  its  bimndieB 

REPORT   or  THX    BBCRBTARV. 

The  Smithaoniui  Institution 

The  EetabUahinent 

The  Board  of  RtgentH 

General  considentions 

Researchee  and  ezpbrUions: 

Langley  AerodynwpiaJ  Laboratory 

Geoli^ical  explorations  in  the  Canadian  Rockies. 

Geologic  history  of  the  Appalachian  Valley  inUaryland 

Pleistocene  cave  deposit  in  Matyland 

Geoli^cal  Huivey  of  Panama 

Vntebtate  fosil  remains  in  Montana 

FohhII  echinoderms  in  Illinois 

Uolluscan  fauna  of  Virginia  coasL 

Expedition  to  Dutch  East  Borneo  and  Cashmere 

Life  zoneein  the  Alps 

Reeearchee  under  Harriman  trust  fund 

Anthropological  reeearch  in  Eastern  Asia 

Reeearchea  under  the  Hodgkius  fund 

Smithsonian  table  at  Naples  Zoological  Station 

Research  Corporation 

American  School  of  Archeoli^y  In  China 

Publications , 

International  congresBee 

George  Washington  Memorial  Building 

Natitinal  Museum 

Bureau  of  American  Ethnology 

Intcmationid  Exchanges 

National  Zoological  Park 

Asttophysical  Observatory 

International  Catalogue  of  Scientific  Litetature 

Necrology 

Appendix  1.  Report  on  the  United  States  National  Museum 

2.  Rei>ort  on  the  Bureau  of  American  Ethnology 

3.  Report  on  the  International  Exdianges 

4.  Report  on  the  National  Zoological  Park 

5.  Report  on  the  Astrophysical  Obeervatory 

6.  Report  on  the  Library , 

7.  Report  on  the  International  Catalogue  of  Scientific  Litoature . . 

8.  Rc^tort  on  publications 


Gooi^lc 


n  OONTBNTB. 

OBNBRAL   &PFBNI«Z. 

Ther»di»tionofthe8un,  by  C.G.Abbot. 137 

Hodem  theories  of  the  bud,  by  Jeui  Boaler 153 

The  form  and  conMitution  of  the  earth,  by  I/OuuB.  Stewart 161 

Some  remaiks  on  logarilhina  upropou  to  their  t«rc^tHUuy,  by  H.  d'Ocagne. . .  175 

The  conetitution  of  the  atom,  byA.  S.  Eve 183 

Gyrootata  and  gyrortatic  action,  by  Andrew  Gny .'.  193 

Sl&bility  of  a«»>planeB,  by  Orville  Wri^t 209 

ThefintmMn-canyingaeniplanecapableafBustaiiiedfraeflight,  byA.  F.  Zohm.  217 

Some  aspectB  of  ioduetrial  chemutry,  by  L.  H.  Badelaod 223 

Exploaivea,  by  Edward  P.  O'Hera 249 

Climates  of  geologic  time,  by  Charles  Schuchert 277 

Fleochroic  haloes,  by  J.  Joly 313 

The  geology  of  the  bottom  of  the  seas,  by  L.  delAUnay 329 

Recent  oceanographic  niaetrdiee,  by  Ch.  Giavier 353 

The  Klondike  and  Yukon  goldfield  in  1913,  by  H.  M.  Cadell 363 

The  history  of  the  diacoveiy  of  sexualify  in  plants,  by  Duncan  S.  Johnson. . ..  383 

Problems  and  progress  in  plant  pathology,  by  L.  R.  Jones 407 

Plaot-«utogrsphs  and  their  rev^tions,  by  J.  C.  Booe 421 

The  National  Zoological  Paric  and  its  inhabitauls,  by  Frank  Baker 445 

He  habita  and  behavior  of  the  herring  gnll,  by  R.  H.  Strong 479 

Notes  on  some  effects  of  extreme  drought  in  Watrabog,  South  Africa,  by  Eugtee 

N.Harais 611 

Honusotic  r^eneration  of  the  antenna  in  a  Fhasmid  or  wklking-etick,  by  H.  O. 

Schmit-Jenaen 523 

Latent  life:  its  nature  and  relations  to  certun  theories  of  contemporary  biol<^, 

by  Paul  Becquerel 537 

He  early  inhabitants  of  western  Asia,  by  Felix  v.  Luschan 553 

Excavations  at  A  bydos,  by  Edouard  Haville 579 

An  eicamiuation  of  Chinese  bronses,  by  John  G.  Ferguson 587 

Tile  r61e  of  depopulation,  of  deforestation,  and  of  malaria  in  the  decadence  of 

certain  nations,  by  Felix  Hegnault 593 

Hie  story  of  the  chin,  by  Louis  Robinson 599 

R«cent  developments  in  the  art  of  illiuntnation,  by  Preston  8.  Millar 611 

The  loom  and  spindle:   past,  present,  and  future,  by  Luther  Hooper 629 

The  demonstration  ptay  school  of  1913,  by  Clark  W.  Hethcrington 679 

Sketch  of  the  life  of  Eduard  Suees  (1831-1914),  by  Fim«  Termier 709 


o;Goo<^lc 


LIST  OF  PLATES. 


Secbbtart'b  Rxport: 

Plates  1,  2  (facing  each  other) . 

Plate  3 

PUto4 

PUteS 

Radiation  of  Su«  (Abbot): 

Plates  1,2 :.„ 

Plates  3,  4 

Thbobiks  of  Sun  (Boeler): 

Plates  1,2 

LooAKiTBifB  (d'Ocagne); 

Plates  1,2 

Gtsottats  (Gny): 

PUte8l,2 

Plates  3,  4 

Plates  &,  6 

PUtes7-10 

Uan-Cabbtino  Abroplanb 
(Zabm): 

Plates  1-4 

Plates  5-S 

EzpiiOsiTES  (O'Hem): 

Plato  1 

PlateBZ,3 

Plates  4,  5 

Plates  8,7 

PutocHBOic  Haloes  (Joly): 

PUtol 

Plates  2,  3 

Ki^NDizx  GOLDFIBLD  (Cadell): 

Plates  1,2 

Plates  3,  4..... 

Plates  5,  6 

ZooLOOtCAi.  Pabk  (Baker): 

Plate  1  (colored  map) 

Plates  2,  3 

Plates  4,  5 

Plates  6,  7 

Plates  8,  9 

Plates  10-13 

Plates  14, 15 

Plates  16, 17 

Plates  1»-21 


Zoological  PABX—Conti&ned. 

PUt<(B22,23 

Plates  24, 25 

PUtee26,27 

Plates  28, 29 

Plates  30, 31 

Plates  32-35 

PlateB3e,37 

Plates  38-41 

Hbbriko  Gull  (Strong): 

Plates  1,2 

Plates  3, 4 

Plates  5, 6 

Plate87,8 

Plates  9, 10 

Reqknebation  of  Antknnx 
( Bcbmit-Jeneen) ; 

Plates  1,2 

iNHABrrANTB  or  Wbbtksn  Asia 
(Luacfaan); 

Plates  1,2 

Plates  3, 4 

Plates  5, 6 

Plates  7-10 

Plates  11, 12 

Abtdob  (Naville): 

Plates  1,2 

Plate  3 

CmNBsE  Bkokzes  (Ferguson): 

Platoal-14 

Stokt  of  Chin  (Robinson): 

PUte8l-12 

(Millar): 

Plates  1,2 

Plate  3 

Loom  and  Shndlb  (Hooper): 

Plates  1,2 

Plates  3-6 

Plate7 

Plates  8, 9 

Plate  10 

Plate  11 


oyGooi^lc 


j,Goo>^lc 


ANNUAL  REPORT  OF  THE  BOARD  OF  REGENTS  OF  THE 
SMITHSONIAN  INSTITDTION  FOR  THE  YEAR  ENDING 
JUNE  30,  19U. 


1.  Annaal  report  of  the  secretary,  giving  an  account  of  the  opera- 
tions and  condition  of  the  Institution  for  Hie  year  ending  Juno  30, 
1914,  with  statistics  of  exchanges,  etc. 

2.  Keport  of  the  executive  conunittee  of  the  Board  of  Regents, 
exhibiting  the  financial  affairs  of  the  Institution,  including  a  state- 
ment of  tiie  Smithsonian  fund,  and  receipts  and  expenditures  for  the 
year  ending  June  30,  1914. 

3.  Proceodings  of  the  Board  of  Kegents  for  the  fiaciil  year  ending 
June  30,  1914. 

4.  General  appendix,  comprising  a  selection  of  miscellaneous  mem- 
oirs of  interest  to  collaborators  and  correspondents  of  the  Institution, 
teachers,  and  other  engaged  in  the  promotion  of  knowledge.  These 
memoirs  relate  diiefiy  to  the  calendar  year  1914. 


oyGooi^lc 


THE  SMITHSONIAN  INSTITUTION 


JwntS0,lS14. 


PraidCwj  offioer  ex  officio.—WooDBOW  WnsoN,  Pneident  of  the  United  States. 
Chaiuxllor. — Edwakd  Douolabb  White,  Chief  Juetice  of  the  Trnit«d  Statea. 
Memherg  of  the  Inttitution: 

WoODROW  WOiSON,  Pieetdent  of  the  United  States. 

TaoHAS  R.  Mabshall,  Vice  Preeideiit  of  the  United  Stat«a. 

EnwAKD  DouQuse  Whitb,  Chief  Justice  of  the  United  States. 

WiLLUK  Jennings  Bhtan,  Secretary  of  State. 

William  Gnna  McAnoo,  Secretary  of  the  Treaaury. 

LiHDLBT  HiLLBR  Gabbison,  Socretwy  of  War. 

Jahba  Clark  MoBbinolds,  Attmney  General. 

Albert  SmNET  Bublbbon,  PoetmaBter  General. 

JoBBPHus  Daniblb,  Secretary  of  the  Navy. 

Fbanelin  Kniobt  Lane,  Secretary  of  the  Interior. 

David  Franklin  Hodbton,  Secretary  of  Agriculture. 

WiLUAK  Cox  Redfield,  Secretary  of  Commerce. 

WiLUAU  Badchop  WtLaoN,  Secretary  of  Labor. 
RegeiUi  of  the  Intlilulwn: 

Edwabd  Docqlass  White.  Chief  Justice  of  the  United  States,  Chancellor. 

Thouas  R.  Marshall,  Vice  President  of  tlie  United  States. 

Henrt  Carot  Lodge,  Member  of  the  Senate. 

WiLLiAH  J.  Stone,  Member  of  the  Senate. 

Hbhri  French  Holus,  Uember  of  the  Senate. 

Scott  Febris,  Member  of  the  House  of  Representatives. 

Mauricb  Cokkollt,  Member  of  the  House  of  Repreeentativee. 

Ernest  W.  Robbbts,  Member  of  the  House  of  Repreoentatives. 

Andrew  D.  Whitb,  citizen  of  New  York, 

Alexandeb  Gbahau  Brll,  citizen  of  Washington,  D.  0. 

Geobob  Gsay,  citizen  of  Delaware. 

Charles  F.  Choate,  Jr.,  citizen  of  MaseachuMtts. 

John  B.  Hbndbbson,  Jr.,  citizen  of  Washington,  D.  C. 

Chablbs  W.  Fairbanks,  citizen  of  Indiana. 

Executive  txtmmitlee. — ( ),  Alexander  Graham  Bell,  Maitbicb  Cannollt. 

SttretaryofthelmUtuHon. — Charles  D.  Walcott. 

AMitlant  teontary  in  dvtrge  of  the  Ifatumal  Jfuwum.— Riobard  Rathbdn. 

O^/cbri.— Harrt  W.  Dorbbt. 

AoBOtmlant  and  ditbtirtmg  ageni.—W.  I,  Adams. 

Editor.—A.  Howard  Ci.abk. 

AtnttarU  librarian.— Tavl  Bbogkbtt. 

Propertg  derk.—J.  H.  Hnx, 


oyGooi^lc 


THE  BIOTHSONUN  IKSTITUTION.  XI 

THE  NATIONAL  HUSEUH. 
Kuptr  as  o^eio.—CmABi^EB  D.  Walcott,  SecreUi;  of  tfa«  Smithsonutn  losti- 

AttutarU  uerelary  in  cAurye,— Richaed  Ratbbun. 

AdministrtUive  attitlani. — W.  db  C.  Ratknkl, 

Headamims. — Wiljjah  H.  Holmbs,  Lbonhaxd  Stbjmbobk,  G.  P.  Mbbbill. 

Curofcn-t.— R.  S.  Babslbk,  A.  Howabd  Clabx,  F.  W.  Cubke,  F.  V.  Cotillb, 
W.  H.  Dall,  Chebtbb  O.  Gilbbbt,  W.  H.  Holubs,  WAi;rBR  Houoh,  L.  0.  Howakd, 
AlbS  HrduSka,  Fbbdericx  L.  Lbwton,  Gbokob  C.  Matnabd,  G.  P.  Mbbbill, 
Gbbrit  B.  Millbk,  Jr.,  RicHABs  Rathbtw,  Bobkkt  Bidgwat,  Lbonbabs 
Stbjnbobk. 

AuociaU  eumtort.—I.  C.  Crawtobd,  W.  B.  Haxom,  Datui  Wbttb. 

CvTOUtr,  National  Oalltry  of  Art.— W.  H.  Holmbb. 

ChU/afeoTTttpondeneeanddoeninenU. — Randolph  I.  Gbabb. 

Di$burtittg  agent.— W.  I.  Adahs. 

CkUfofahibitt  (Biology).— Jambs  E.  Bbhbdict. 

Superinttndento/eon^ruetionaitdU^or.—J.B.GoLoaMTtB. 

Jlrfitor.— Makcus  Bshjamin. 

Atsiilant  Ubranan.^li .  P.  Scuddbb. 

PhotoffrapluT.-T.  W.  Shilub. 

Reffistntr.—S.  0.  Bbowk. 

Property  eUrh.—'W.  A.  Khowlbs. 

Engirtttr.—C.  R.  Dbnhabe. 

BTJREAU  OF  AMERICAN  ETHNOLOGY. 

EUmoloffitt^n-diarge.—F.  W.  Hodob. 

Bthnoloffutt.~l.  Waltbk  Fbwkbb,  J.  N.  B.  Hewitt,  F.  W.  Hodos,  Fbanois 
La  Flbscsb,  Tsttman  Michbuon,  Jahbs  Moohbt,  Matilda  Coxb  Stetbnson, 
johm  r.  swanton, 

Special  etknologiit.—Ixo  J.  Fbachtbkbbbo. 

Honorary  philoloffiit. — Fbane  Boas. 

Editor.— J oaKFB  G.  Guklbt. 

Librarian. — Ella  Lkast. 

lUuOnior.—TiK  Lancbt  Gill. 

INTERNATIONAL  EXCHANGES. 

ChitfeUrk.—C.  W.  Sbobmakbr. 

NATIONAL  ZOOLOGICAL  PARK. 

Suptrinttndent. — Fbank  Bakbb. 
AuittarU  tuperiniendent.-K.  B.  Bakbb. 

A8TROPHY8ICAL  OBSERVATORY. 

Diredor. — C,  G,  Abbot, 
Aid.— P.  E.  Fowlb,  Jr. 
SolomOrie  agtistatU.—J^.  B.  Aldbich. 

'REGIONAL    BUREAU    FOR    THE    UNITED    STATES,    INTERNATIONAL 
CATALOGUE  OF  SCIENTIFIC  LITERATURE. 

jlMfitent  in  cAaiyc.— LtOHAKD  C.  Qoknbll. 

D.qitizeabvG00l^lc 


j,Goo>^lc 


REPORT  '>;.;••. 

SECRETARY  OF  THE  SMITHSONIAN  INSfiTUTION 

CHARLES  D.  WAU:OTT  ■".    .-•, 

«»J?  THE  YEAR  SffDOmyVnS  30,  t9t4.  '-''■'': 

To  the  Board  of  Regents  of  the  Sjmthsanian  Institution:  ■"'.■' 

Gentleuen:  I  have  the  honor  to  submit  herewith  a  report  on  th&''' 
operations  of  the  Smithsonian  Institution  and  its  branches  during  the 
fiscal  year  ending  June  30,  1914,  including  work  placed  by  Congress 
under  the  direction  of  the  Board  of  Regents  in  the  United  States 
National  Museum,  the  Bureau  of  American  Ethnology,  the  Interna- 
tional Exchanges,  the  National  Zoological  Park,  the  Astrophysical 
Observatory,  and  the  United  States  Bureau  of  the  International 
Catalogue  of  Scientific  Literature. 

The  general -report  reviews  the  affairs  of  the  Institution  proper 
and  briefly  summarizes  the  operations  of  its  several  branches,  while 
the  appendices  contain  detailed  reports  by  the  assistant  secretary 
and  others  directly  in  charge  of  various  activities.  The  reports  on 
operations  of  the  National  Museum  and  the  Bureau  of  American 
Ethnology  will  also  be  published  as  independent  volumes. 

THE  SMITHSONIAN  INSTITUTION. 

THE  ESTABLISHMENT. 

The  Smithsonian  Institution  was  created  an  establishment  by  act 
of  Congress  approved  August  10,  1846.  Its  statutory  members  are 
the  President  of  the  United  States,  the  Vice  President,  the  Chief 
Justice,  and  the  heads  of  the  executive  departments. 

THE  BOABD  OF   BEQEMTS. 

The  Board  of  Regents  consists  of  the  Vice  President  and  the 
Chief  Justice  of  the  United  States  as  ex  officio  members,  three  Mem- 
liers  of  the  Senate,  three  Members  of  the  House  of  Representatives, 
and  six  citizens,  "  two  of  whom  shall  be  resident  in  the  city  of  Wash- 
ington, and  the  other  four  shall  be  inhabitants  of  some  State,  but  no 
two  of  them  of  the  same  State." 

In  regard  to  the  personnel  of  the  board,  it  becomes  my  sad  duty 
to  record  the  death  on  December  22,  1913,  of  Representative  Irvin 
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S.  Pepper,  and  of  Sen*^  Augustus  O.  Bacon,  who  diod  February 
14,  1914.  BepresentaJtiv^.^Iaurice  Connolly  has  been  appointed  to 
succeed  Mr.  Peppef  *aAd  Senator  Henry  French  HolUs  to  succeed 
Senator  Bacon,  ^^^resentative  Ernest  W.  Boberts  has  been  ap- 
pointed as  succQ^s^-fo  ^Representative  John  Dalzell,  whose  term  of 
office  as  Mem^'r  ti  Congress  had  expired. 

The  roll  of  JEtegents  at  the  close  of  the  fiscal  year  was  as  follows: 
Edward  p./ White,  Chief  Justice  of  the  United  States,  Chancellor; 
Thomas  R. -Marshall,  Vice  President  of  the  United  States;  Henry 
Cabot T'odge,  Member  of  the  Senate;  Henry  French  Hollis,  Member 
of  tti*.pfenate;  William  J.  Stone,  Member  of  the  Senate;  Scott  Fer- 
r^"-)ff ember  of  the  House  of  Representatives;  Maurice  Connolly, 
..Sierftber  of  the  House  of  Representatives;  Ernest  W.  Roberts,  Mem- 
'iiec  of  the  House  of  Representatives;  Andrew  D.  White,  citizen  of 
'.  New  York;  Alexander  Graham  Bell,  citizen  of  Washington,  D.  C; 
Geoige  Oray,  citizen  of  Delaware;  Charles  F.  Choate,  jr.,  citizen  of 
Massachusetts;  John  B.  Henderson,  jr.,  citizen  of  Washington,  D.  C; 
and  Charles  W.  Fairbanks,  citizen  of  Indiana. 

At  its  meeting  on  January  15,  1914,  the  board  filled  a  vacancy  in 
the  Executive  Conunittee  by  the  election  of  Hon.  Maurice  Connolly. 

The  annual  meeting  of  the  Board  of  Regents,  adjourned  from 
December  11,  1918,  was  held  on  January  15,  1914,  and  the  proceed- 
ings of  the  meeting  have  been  printed  as  usual  for*  the  use  of  the 
Regents,  while  such  important  matters  acted  upon  as  are  of  public 
interest  are  reviewed  under  appropriate  heads  in  the  present  report 
of  the  secretary.  The  annual  &iancial  report  of  the  Executive  Com- 
mittee has  also  been  issued  in  the  usual  form,  and  a  detailed  state- 
ment of  disbursements  from  Government  appropriations  under  the 
direction  of  the  Institution  for  the  maintenance  of  the  National 
Museum,  the  National  Zoological  Park,  and  other  branches  will  be 
submitted  to  Congress  by  the  secretary  in  the  usual  manner  in  com- 
pliance with  the  law. 

GBNIUIAL  CONSIDERATIONS. 

The  '*  increase  of  knowledge  "  is  one  of  the  fundamental  objects  of 
the  Smithsonian  Institution,  and  one  of  the  first  acts  of  the  Board 
of  Regents  in  1847  was  to  formulate  a  general  plan  of  operations  to 
carry  out  that  purpose.  Among  the  examples  of  lines  of  work  for 
which  appropriations  were  to  be  made  from  time  to  time  were  the 
following : 

(1)  System  of  extmded  meteoroloKtcal  observations  for  solTing  Uie  problem 
of  AmerlcsD  Btorm& 

<2)  ExploratloDB  in  descriptive  natoral  blstory,  and  geological,  matliematlcal. 
and  topographical  surTCfs,  to  collect  material  for  the  formation  of  a  physical 
atlas  of  the  United  States. 
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(S)  Solntlon  of  experimeoUl  problems,  such  as  a  new  detennlnatlon  ol  the 
■right  ol  the  earth,  of  the  velocity  of  electricity  and  of  Ugbt,  cbenical  analyoes 
of  soils  and  plants,  collection  and  pnbltcatloQ  of  articles  of  science  accnmolated 
Id  the  offices  of  the  Government. 

(4)  Institntlon  of  statistical  InqnlrleB  with  reference  to  physical,  moral,  and 
political  subjects. 

(5)  Historical  researches,  and  accurattt  Bnrr^a  of  places  cel^rated  in 
American  history. 

(6)  Gthnological  researches,  particularly  with  reference  to  the  dlfTerent  races 
of  men  In  North  America ;  also  explorations  and  accnrate  surreys  of  the  nionnds 
and  other  remains  of  the  ancient  people  of  onr  country. 

It  has  been  the  aim  of  the  Institution  throughout  ita  history  to 
accomplish  as  much  as  practicable  in  all  the  fields  of  research  above 
enumerated,  and  the  secretaries  of  the  Smithsonian  have  in  their 
turn  Deen  chosen  by  the  regents  with  that  end  in  view.  The  first 
secretary,  Professor  Henry,  was  a  physicist,  and  researches  during 
his  administration  were  largely  in  the  domain  of  physics. 

The  present  United  States  Weather  Bureau  is  an  outgrowth  of 
the  qrstem  of  meteorological  observations  and  warnings  established 
by  the  Smithsonian  Institution.  In  1847  an  appropriation  was 
made  "  for  instruments  and  other  expenses  connected  with  meteoro- 
logical observatioiK."  The  instruments  thus  secured  were  dis- 
tributed throughout  the  coimtry,  and  within  two  years  the  volunteer 
observers  reporting  to  the  Institution  numbered  about  400.  In  1849 
Henry  realized  the  value  of  the  electric  telegraph  as  "  a  ready  means 
of  warning  the  more  northern  and  southern  observers  to  be  on  the 
watch  for  the  first  appearance  of  an  advancing  storm,"  and  there  was 
inaugurated  a  system  of  daily  telegraphic  weather  reports,  a  system 
which  was  continued  under  the  direction  of  the  Institution  until  the 
beginning  of  the  Civil  War.  On  a  large  map  in  the  Smithsonian 
building  the  weather  over  a  considerable  part  of  the  country,  accord- 
ing to  reports  received  at  10  o'clock  each  day,  was  indicated  by 
suitable  f^mbols. 

Under  the  second  secretary,  Professor  Baird,  biological  science 
was  one  of  the  principal  fields  of  research.  It  was  during  his  admin- 
istration that  there  was  organized  the  United  States  Fish  Commis- 
sion for  the  study  of  the  food  fisheries  of  the  United  States,  and 
Prof.  Baird  served  as  head  of  that  commission  until  his  death. 
The  organization  later  became  the  United  States  Bureau  of  Fish- 
eries of  the  Department  of  Commerce.  Prof.  Baird  took  a  deep  inter- 
est in  the  National  Museum,  and  imder  his  direction  there  was 
erected  a  building  for  the  exhibition  of  the  valuable  collections  ac- 
quired from  the  International  Exhibition  at  Philadelphia  in  1876. 

Professor  Langley,  the  third  secretary,  was  both  an  astronomer  and 
a  physicist.  But  to  his  deep  devotion  to  those  professions  may  be 
added  a  broad  view  of  the  entire  field  of  human  knowledge.    It  was 
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Chamierlain  hegvest. — ^Id  1886  the  National  Museum  received  by 
bequest  of  Dr.  Isaac  Lea,  of  Philadelphia,  an  unrivaled  collection 
of  fresh-water  mussels;  and  in  1894  a  collection  of  gems  and  precious 
stones,  also  made  by  Dr.  Lea,  was  bequeathed  to  the  Museum  by  his 
daughter,  Frances  Lea  Chamberlain,  wife  of  Kev.  Dr.  Leander  T. 
Chamberlain.  Mrs.  Chamberlain  had  taken  a  deep  interest  in  her 
father's  collections  and  had  added  materially  thereto.  Upon  her 
death  in  1894,  Dr.  Chamberlain  assumed  the  trust  and  until  his 
death  in  May,  1913,  made  large  additions,  particularly  to  the  collec- 
tion of  gems  and  predlouB  stones  and  in  consequence  of  his  gifts 
and  collaboration  was  appointed  honorary  associate  in  mineralogy 
in  the  Museum. 

In  his  will.  Dr.  Chamberlain  bequeathed  $25,000  to  the  Smithson- 
ian Institution  to  be  known  as  the  "Frances  Lea  Chamberlain 
fund,"  the  income  of  which  shall  be  used  for  "promoting  the  in- 
crease  and  the  scientific  value  and  usefulness  of  the  Isaac  Lea  collec- 
tion of  gems  and  gem  material,"  and  the  additional  sum  of  $10,000 
as  a  fund,  the  income  of  which  shall  be  used  for  promoting  the  sci- 
entific value  and  usefulness  of  the  Isaac  Lea  collection  of  mollusks. 

Sprague  bequest. — Mr.  Joseph  White  Sprague,  of  Louisville,  Ky., 
died  in  Italy  in  June,  1900.  His  will  provides  that  85  per  cent  of  the 
total  income  of  the  estate  is  to  be  distributed  among  certain  devisees 
until  their  death,  and  then  to  several  of  their  relatives  for  20  years 
after  the  death  of  the  last  devisee,  when  the  trust  expires  by  limita- 
tion, and  is  to  be  paid  to  the  Smithsonian  Institution  and  to  be  known 
as  "  The  Sprague  Fund."  Its  purpose  is  to  best  promote  the  advance- 
ment of  the  physical  sciences,  and  only  one-half  of  each  annual 
income  is  to  be  used,  the  other  half  to  be  added  to  the  principal  of 
the  estate.    In  1901,  the  estate  was  estimated  to  be  worth  $200,000. 

Fitzgerald  bequest, — The  will  of  Mr.  Riter  Fitzgerald,  of  Phila- 
delphia, who  died  in  1911,  makes  certain  definite  bequests  and  leaves 
all  the  rest,  residue  and  remainder  of  the  estate,  to  his  executors  in 
trust,  the  net  income  to  be  paid  quarterly  to  his  niece,  and  should  she 
die  without  leaving  a  diild  or  children,  the  principal  of  the  estate 
and  interest  accrued  thereon  is  to  be  given  "to  the  United  States 
National  Museum  of  the  Smithsonian  Institution,  Washington,  D.  C.** 
This  part  of  the  estate  is  appraised  at  between  $12,000  and  $13,000. 


The  permanent  fund  of  the  Institution  and  the  sources  from  which 
it  was  derived  are  as  follows: 

Deportted  in  the  Treantry  of  the  United  States. 

Bequest  ot  James  SmitbaoQ,  1848 ^15,169.00 

Residual?  legacy  of  James  Smitbson,  iser.. 26,210.63 

DeiKislts  of  saWnga  of  tncome,  1867 108,030.37 
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Beqoeat  of  James  Hamtlton,  1875 „.  $1,000 

Accumulated  Interest  on  Hamilton  fond,  1896 1.000 

12,000.00 

Bequest  of  Simeon  Habel,  1880 500.00 

DepoalU  from  proceeds  of  sale  of  bonda,  1881 51,500.00 

Gift  of  Tbomas  G.  Hodgklns,  1891 200,000.00 

Part  of  residuary  legacy  of  Tbomas  G.  Bodghlns,  1894 8, 000. 00 

D^iostt  from  sartngs  of  Income,  1903._ 25,000,00 

Besldnary  legacy  of  Thomas  Q.  Hodgklns,  1907 7,918.69 

Deposit  from  Barings  of  Income,  1913 636.94 

Bequest  of  Wllltam  Jones  Bhees,  1913 281.95 

Deposit  of  proceeds  from  sale  of  real  estate  (gift  of  Robert  Stan- 
ton Avery),  1913 9,602.42 

Bequest  of  Addison  T.  Beld,  1914 4, 796. 91 

Deposit  of  MTlngB  from  Income  Avery  bequest,  1914 204. 09 

Total  of  fund  deposited  In  the  United  States  Treasnry 960,  COO.  00 

OTBEB  KESOUBOES. 

Registered  and  guaranteed  bonds  of  tbe  West  Sbore  Railroad  Co., 
part  of  legacy  of  Thomas  G.  Hodgklns  (par  ralue) 42, 000. 00 

Total  permanent  fund l,OO2,D0aO0 

With  the  aid  of  the  first  installmeDt  of  $4,795.91  of  a  beqnest 
from  tbe  late  Addison  T.  Heid  and  a  small  deposit  from  savings  of 
income  from  the  Avery  bequest,  the  permanent  fond  now,  for  the  fii^ 
time,  exceeds  $1,000,000. 

That  part  of  the  fund  deposited  in  the  Treasury  of  the  United 
States  bears  interest  at  6  per  cent  per  annum,  under  the  provisions 
of  the  act  organizing  the  Institution  and  an  act  of  Oingress  approved 
March  12,  1894.  The  rate  of  interest  on  the  West  Shore  Railroad 
hoods  is  4  per  cent  per  amium. 

The  income  of  the  Instituticm  during  the  year,  amounting  to 
$90,982.54,  was  derived  as  follows:  Interest  on  the  permanent  foun- 
dation, $58,994.29;  coDtributions  from  various  sources  for  specific 
purposes,  $17,554.20;  first  installment  of  a  bequest  from  the  late 
Addison  T.  Reid,  $4,795.91;  and  from  other  miscellaneous  sources, 
$9,638.14 ;  all  of  which  was  deposited  in  the  Treasury  of  the  United 
Sutes. 

With  the  balance  of  $33,ft41.40  on  July  1,  1913,  the  total  resources 
for  the  fiscal  year  amounted  to  $124,623.94.  The  disbursements 
which  are  given  in  detail  in  the  annual  report  of  tbe  executive  com- 
mittee, amounted  to  $94,063.81,  leaving  a  balance  of  $30,560.13  on 
deposit  June  30, 1914,  in  the  United  States  Treasury  and  in  cash. 

The  Institution  was  charged  by  Congress  with  die  disbursement 
of  tbe  following  appropriations  for  tbe  year  ending  June  80, 1914: 

Iat«matlonal  excbangea $82,000 

American  BthnoloKy 42, 000 

Astropbyslcal  Observatory 13,000 
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NntioDal  Muaeniu : 

Furniture  and  fixtures- „ __ $50,000 

Heating  and  llgbting 50,000 

PreBerratlon  of  collections 300.000 

Books 2, 000 

Postage COO 

Building  repairs 10,000 

Bookstacks  for  Government  bureau  libraries 15,000 

National  Zoological  Park 100,000 

Readjustment  of  boundaries,  National  Zoological  Park 107, 200 

International  Catalogue  of  Scientific  Literature 7,500 

Total 729,200 

In  addition  to  the  above  specific  amounts  to  be  disbursed  by  the 
Institution,  there  was  included  under  the  general  appropriation  for 
public  printing  and  binding  an  allotment  of  $76^00  to  cover  the 
cost  of  printing  and  binding  the  annual  report  and  other  Govern- 
ment publications  issued  by  the  Institution,  and  to  be  disbursed  by 
the  Public  Printer. 

RBSBABCHES  AND   EXPLORATIONS. 

During  the  past  year  the  Institution  has  continued  to  carry  on 
investigations  in  various  lines  throughout  the  world  by  means  of 
small  allotments  from  its  funds.  It  has  also  accomplished  a  great 
deal  in  the  way  of  exploration  and  research  through  the  generosity 
of  friends  of  the  Institution,  who  have  contributed  funds  for  special 
work  or  provided  opportunities  for  participation  in  explorations 
which  they  had  undertaken  personally  or  through  the  aid  of  others. 
Each  year,  however,  the  Institution  is  obliged  to  forego  oppor- 
tunities for  important  investigations  through  lack  of  sufficient  fimds. 

I  can  here  only  briefly  mention  some  of  the  work  in  progress 
under  the  Smithsonian  Institution  proper  during  the  past  year,  while 
accounts  of  activities  connected  with  the  ABtrophysical  Observatory, 
the  Bureau  of  American  Kthnology,  and  the  United  States  Ifational 
Museum  are  given  in  other  parts  of  this  report  by  those  in  direct 
charge  of  those  branches  of  the  Institution. 

THE  LANOLET   AEKODTNAMICAL   LABOBATORT. 

By  resolution  of  the  Begents  on  May  1,  1918,  the  secretary  was 
authorized  to  reopen  the  Smithsonian  Institution  laboratory  for  the 
study  of  aerodynamics  and  to  be  known  as  the  Langley  Aero- 
dynamical Laboratory-.  The  functions  of  the  laboratory  were  de- 
fined to  be  the  study  of  the  problems  of  aerodromics,  particularly 
those  of  aerodynamics,  with  such  research  and  experimentation  as 
may  be  necessary  to  increase  the  safety  and  effectiveness  of  aerial 
locomotion  for  the  purposes  of  commerce,  national  defense,  and  the 
welfare  of  man. 
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The  Regents  also  authorized  the  secretary  to  appoint  an  advisory 
oonunittee ;  to  odd,  as  meana  are  provided,  other  laboratories  and 
agencies;  to  group  them  into  a  bureau  organization;  and  to  secure 
the  cooperation  with  them  of  the  Government  and  other  agencies. 

In  accordance  with  the  above  general  plan  an  advisory  committee 
vas  organized  at  a  meeting  convened  at  the  Institution  on  May  23, 
1913.  The  official  status,  organization,  agencies,  resources,  and 
facilities  of  this  committee  were  set  forth  in  a  statement  in  my  last 
report. 

The  first  year's  work  of  the  laboratory  was  to  arrange  a  com- 
prehei^ive  program  of  operations,  devise  ways  and  means  of  carry- 
ing on  investigations  and  publishing  reports,  conduct  such  active 
experiments  as  were  possible  with  the  means  immediately  available, 
and  to  secure  and  arrange  in  the  library  the  best  aeronautical 
literature. 

The  reports  of  the  committee  thus  far  published  have  appeared 
as  individual  papers  in  the  Smithsonian  Miscellaneous  Collections. 
The  first  of  these  recounts  the  organization  of  the  advisory  coimnit- 
tee  and  the  resources  of  the  Langley  laboratory.  The  first  technical 
publication  seta  forth  the  results  of  experiments  made  at  the  model 
tank  at  the  Washington  Navy  Yard.  Another  report  describes  the 
organization  and  equipment  of  the  leading  aeronautical  laboratories 
of  England,  France,  and  Germany.  Some  of  the  reports  of  the 
committee  are  as  yet  confidential  or  incomplete.  The  library  has 
been  furnished  with  the  chief  aeronautic  periodicals  and  tlie  best 
books  thus  far  published. 

I'he  rehabilitation  and  successful  launching  of  the  Langley  aero- 
plane (called  "aerodrome"  by  Prof,  Langley),  constructed  over 
a  decade  ago,  was  accomplished  in  May,  1914.  The  machine  was 
shipped  from  the  Langley  laboratory  to  the  Curtiss  aeroplane  fac- 
tory in  April.  It  was  recanvassed  and  provided  with  hydroaero- 
plane floats,  and  was  launched  on  Lake  Keuka  on  May  28.  With 
Mr.  Glenn  H.  Curtiss  as  pilot  it  ran  easily  over  the  water,  rose  on 
level  wing,  and  flew  in  steady  poise  150  feet.  Subsequent  short 
flights  were  made  in  order  to  secure  photographs  of  the  craft  in  the 
air.  Then  Mr.  Curtiss  was  authorized,  in  order  to  make  prolonged 
flights  without  overtaxing  the  bearings  of  the  Langley  propulsion 
fixtures,  to  install  in  its  place  a  standard  Curtiss  motor  and  pro- 
peller. At  the  close  of  the  fiscal  year  the  experiments  were  still 
making  satisfactory  progress. 

The  tests  thus  far  made  have  shown  that  the  late  Seci'etai'y  Lang- 
ley had  succeeded  in  building  the  first  aeroplane  capable  of  sustained 
free  flight  with  a  man.  It  is  hoped  that  fui-ther  trials  will  disclose 
the  ad^'antages  of  the  Langley  type  of  machine.  It  may  be  recalled 
that  this  man-carrying  aeroplane  was  begun  in  1898  for  the  War 
i:.,        I. .Google 
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Department,  and  in  the  interest  of  the  natioDal  defense.  It  was 
built  on  the  design  of  the  model  machine  which,  on  Hay  6,  1896, 
first  demonstrated  to  the  world  that  an  aeroplane  heavier  than  air 
could  be  propelled  through  the  air  by  its  own  power.  The  large 
machine  was  completed  in  1903,  but  its  actual  fli^t  was  at  that  time 
hindered  by  injuries  sustained  throu^  defects  in  the  launching 
apparatus. 

The  numerous  and  comprehensive  aerotechnical  inTeatigations 
planned  for  the  Langley  laboratory  can  be  successfully  carried  out 
only  when  increased  fonds  are  available.  Properly  equipped  and 
endowed,  the  laboratory  would  serve  as  a  national  aenmautical  in- 
stitute suitable  for  conducting  the  aerotechnical  investigations  and 
tests  required  by  the  Government  and  the  aeronautical  industries  of 
this  country. 

CB0U3GICAL  EXPIX>KATIOI4S  IN  THS  CANADIAN  B0CKIB8. 

In  continuation  of  my  previous  geological  researches  in  the  Cana- 
dian Kockies,  I  revisited  during  the  iield  season  of  1913  the  Robson 
Peak  district,  in  British  Columbia  and  Alberta,  and  the  region  about 
Field,  British  Columbia.  At  the  latter  place  I  met  the  members  of 
the  International  Geological  Congress. 

On  this  trip  Robson  Peak  was  approached  from  the  west  side  in 
order  to  Btudy  the  local  geological  section,  one  of  the  finest  in  the 
world.  From  the  west  foot  of  Robson  Peak,  Whitehom  Peak  rises 
on  the  north  to  a  height  of  7,850  feet  above  Lake  Kinney,  and  on  the 
cast  the  cliffs  of  Robson  rise  tier  ^x>ve  tier  from  the  surface  of  the 
lake  to  the  summit  of  the  peak,  a  vertical  distance  of  9,800  feet. 

From  beneath  the  base  of  the  mountain  at  Lake  Kinney  the  strata 
cun'e  gently  outward,  so  that  upwards  of  4,000  feet  in  thickness  of 
beds  that  are  beneath  Robson  Peak  are  expired  in  their  extension  to 
the  west  and  south. 

Owing  to  exceptionally  good  climatic  conditions  the  season  of  1913 
proved  unusually  favorable  for  studying  Robson  Peak.  Frequently 
in  the  early  morning  the  details  of  the  snow  slopes  and  bedded  rocks 
on  the  summit  of  the  peak  were  beautifully  outlined,  but  toward 
evening  the  mists,  driven  in  frtnn  the  warm  curr^its  of  the  PaciBc, 
300  miles  away,  shrouded  the  mountain  from  view. 

From  the  west  slopes  of  Titkana  Peak,  east  of  the  great  Hunga 
Glacier,  a  wonderful  view  is  obtained  of  the  snow  fields  and  falling 
glaciers  east  and  north  of  Robson  Peak.  The  glacial  streams  come 
tumbling  down  the  slopes  and  often  disappear  beneath  the  glacier  to 
reappear  at  its  foot  with  the  volume  of  a  riven 

At  Field,  British  Columbia,  work  was  continued  at  the  great 
middle  Cambrian  fossil  quarry,  where  a  Urge  collection  of  specimens 
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a  nmnber  of  species  of  mammals,  birds,  reptiles,  and  plants.  And 
while  traversing  Utah  and  Nevada  several  remote  tribes  of  Indians 
were  visited,  particularly  the  Go^nte,  ^m  whom  a  long-needed 
Tocabolary  was  obtained. 

ANTIIBOFOLOatCAL  REBEABCH    IN   EASTERN   ASIA. 

For  the  extension  of  researches  in  eastern  Asia,  in  continuation  of 
anthropological  investigations  carried  on  in  Siberia  and  Mongolia 
under  the  direction  of  the  Institution  in  1912,  an  allotment  has  been 
nude  from  the  Smithsonian  fund  for  work  during  the  next  fiscal 
year  and  for  a  limited  period  thereafter.  The  plan  of  operations 
includes  a  thorough  study  of  the  peoples  of  the  eastern  coast  of  Asia, 
Manchuria,  Mongolia,  Tibet,  and  Siberia,  among  whom  it  is  believed 
lies  the  secret  of  the  origin  of  the  American  Indian.  Investigations 
thus  far  made  by  Dr.  Hrdlif  ka  in  behalf  of  the  Institution  indicate,  he 
stye,  "  that  there  exist  to-day  over  large  parts  of  eastern  Siberia  and 
in  Mongolia,  Tibet,  and  other  regions  in  that  part  of  the  world 
numerous  remains  which  now  form  constituent  parts  of  more  modem 
tribes  or  nations,  of  a  more  ancient  population  (related  in  origin,  x>er- 
haps,  with  the  latest  paleolithic  European),  which  were  physically 
identical  with,  and  in  all  probability  gave  rise  to,  the  American 
Indian." 

In  a  pamphlet  on  Smithsonian  Explorations  in  1913  a  number  of 
other  biological  and  anthropological  investigations  arc  described. 

REBSARCHZS  UNDER  THE  HODOKINS  FUNO. 

The  Hodgkins  fund  was  established  in  1891  by  a  gift  of  $200,000 
from  Mr.  Thomas  George  Hodgkins,  of  Setauket,  N.  Y.  By  sub- 
sequent gifts  during  his  life  and  through  sums  received  from  Mr. 
Hodgkins's  estate,  of  which  the  Institution  was  made  the  residuary 
It^tee,  the  fund  has  increased  to  about  $250,000.  It  was  stipulated 
by  the  donor  that  the  income  of  $100,000  of  his  gift  should  be  de- 
voted to  the  increase  and  diffusion  of  more  exact  knowledge  in  regard 
to  the  nature  and  properties  of  atmospheric  air  in  connection  with 
the  welfare  of  man.  He  indicated  his  desire  that  researches  be  not 
limited  to  sanitary  science,  but  that  the  atmosphere  be  considered  in 
its  widest  relati<mship  to  all  branches  of  science,  referring  to  the 
.experiments  of  Franklin  in  atmospheric  electricity  and  the  discovery 
of  Paul  Bert  in  regard  to  the  influence  of  oxygen  on  the  phenomena 
of  vitality  as  germane  to  his  fouiidati<»i.  To  stimulate  researches 
in  these  directions  the  Institution  offered  a  prize  of  $10,000  for  a 
paper  embodying  some  new  and  important  discovery  in  regard  to 
ttie  nature  and  properties  of  atmospheric  air,  which  was  awarded  in 
18W  to  Lord  lUyleigh  and  Prof.  William  Ramsay,  of  London,^for 
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the  discovery  of  argon,  a  new  element  in  the  atmosphere.  AnoUier 
prize  of  $1,000  for  the  best  popular  treatise  on  atmospheric  air  was 
awarded  to  Dr.  Henry  de  Varigny,  of  Paris,  from  among  229  com- 
petitors in  the  United  States,  France,  (Jermany,  England,  Scotland, 
Ireland,  Italy,  Russia,  Austria-Hungary,  Norway,  Denmark,  Fin- 
land, Bohemia,  Bavaria,  Serria,  Switzerland,  Spain,  India,  Canada, 
Mexico,  and  Argentina.  Numerous  investigations  on  the  "  composi- 
tion of  expired  air  and  its  effects  upon  animal  life,"  in  "  atmospheric 
actinometry,"  the  "  air  of  towns,"  "  animal  resistance  to  disease," 
"experiments  with  ionized  air,"  "the  ratio  of  specific  heats,"  and 
kindred  topics  have  been  carried  on  with  the  aid  of  grants  from  the 
Hodgkins  fund.  Kesearchea  have  likewise  been  aided  in  connection 
with  the  temperature,  pressure,  radiation,  and  other  features  of  the 
atmosphere  at  very  high  altitudes,  extending  during  the  past  year 
to  more  than  45,000  feet,  and  many  other  lines  of  investigation 
have  been  carried  on,  through  all  of  which  it  is  believed  that  valuable 
knowledge  has  been  acquired  by  which  the  welfare  of  man  has  be«i 
advanced. 

Under  a  grant  from  the  Hodgkins  fund  Mr.  A.  K.  Angstrom  car- 
ried on  some  observations  in  California  during  the  past  year  for  the 
purpose  of  measuring  nocturnal  radiations  at  different  altitudes  rang- 
ing from  below  sea  level  to  the  summit  of  Mount  Whitney,  4,420 
meters  (14,502  feet).  Some  of  the  results  attained  by  Mr.  Angstrom 
and  work  in  connection  therewith  are  discussed  by  Dr.  C.  0.  Abbot 
in  his  report  as  director  of  the  Astrophysical  Observatory. 

A  grant  was  also  made  to  Mr.  Angstrom  to  enable  him  to  measure 
the  "  nocturnal  radiation  " — that  is,  loss  of  heat  to  space  during  the 
total  eclipse  of  the  sun  August  21,  1914,  in  the  north  of  Sweden. 

In  connection  with  the  International  Congress  on  Tuberculosis 
held  in  the  National  Museum  in  1908  the  Institution  offered  a  Hodg- 
kins fund  prize  of  $1,500  for  the  best  treatise  on  "  the  relation  of 
atmospheric  air  to  tuberculosis."  About  a  hundred  papers  were 
submitted,  and  after  an  exhaustive  examination  by  the  advisory 
committee  the  award  has  now  been  made  and  the  prize  divided 
equally  between  Dr.  Guy  Hinsdale,  of  Hot  Springs,  Va.,  and  Dr.  S. 
Adolphus  Knopf,  of  New  York,  for  their  essays  on  the  topic  stated. 

Dr.  Hinsdale's  essay  was  recently  published  at  the  expense  of  the 
Hodgkins  fund,  the  public  demand  for  the  work  requiring  the  print- 
ing of  a  second  edition.  In  discussing  the  general  treatment  of  the 
disease,  the  essayist  has  special  reference  to  the  effect  of  the  atmoe- 
pheric  air  and  the  value  of  various  climates  in  relation  to  tubercu- 
losis.   In  conclusion  the  author  says : 

We  bellere  that  climate  may  be  utilized  as  an  adjuvant  of  great  value  for 
canrlns  "ut  the  b^enlc.  dietetic  treatment  of  all  forms  of  tubercuIoBlg  and 
man^  other  dfeeaBCB.    •    •    •    Tbe  flrat  place  muBt  be  asBlgned  to  an  Bbundaiice 
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the  management  of  this  corporation  through  the  membership  of  the 
secretary  in  its  board  of  directors,  which  is  composed  of  business 
and  professional  men,  many  of  whom  have  had  experience  in  large 
industrial  and  mining  enterprises,  and  it  is  provided  in  the  certificate 
of  incorporation  that  the  Smithsonian  Institution  may  receive  funds 
for  research  and  experimentation. 

The  chief  assets  of  the  corporation  at  present  are  the  Cottrell 
patents  relating  to  the  precipitation  of  dust,  Eanoke,  and  chemical 
fumes  by  the  use  of  electrical  currents.  Dr.  F.  G.  Cottrell,  the  in- 
ventor and  donor  of  these  patents,  has  described  their  operation  and 
advantages  and  the  progress  thus  far  made  in  their  installation  in 
an  article  printed  in  the  Smithsonian  Report  for  1913. 

A  number  of  other  patents  in  various  fields  of  industry  have  been 
offered  by  officers  of  the  Government  and  scientific  institutions,  as 
well  as  by  manufacturing  corporations  holding  patents  not  available 
for  their  own  purposes,  and  undoubtedly  there  are  many  others, 
both  in  this  country  and  abroad,  who  will  be  glad  to  have  their  in- 
ventions utilized  for  the  benefit  of  scientific  research. 

AMERICAN    SCHOOL  OF  ABCHEOLOGT  IN    CHINA, 

In  my  last  report  mention  was  made  of  the  proposed  establish- 
ment of  an  American  school  of  archeology  in  China.  The  objects  of 
the  school  as  proposed  are:  (1)  To  prosecute  archeological  research 
in  eastern  China;  (2)  td  afford  opportunity  and  facilities  for  in- 
vesti^tion  to  promising  and  exceptional  students,  both  foreign  and 
native,  in  Asiatic  archeology;  and  (3)  to  preserve  objects  of  archeo- 
logical and  cultural  interest  in  museums  t&  the  countries  to  which 
they  pertain  in  cooperation  with  existing  organizations,  such  as  the 
Soci^t^  d'Ankor,  etc. 

The  management  of  the  affairs  of  the  school  is  placed  in  the  hands 
of  an  executive  committee  of  five,  consisting  of  Dr.  Charles  D,  Wal- 
cott,  Secretary  of  the  Smithsonian  Institution;  Mr.  Charles  Henry 
Butler,  reporter  of  the  United  States  Supreme  Court ;  Prof.  F.  W. 
Shipley,  of  St.  Louis;  Mr.  Charles  L.  Freer,  of  Detroit;  and  Mr. 
Eugene  Meyer,  jr.,  of  New  York.  The  general  committee  consists 
of  16  gentlemen  especially  interested  in  archeological  research  in 
China,  with  Dr.  Walcott  as  chairman  and  Mr.  Butler  as  secretary. 
A  preliminary  survey  in  the  Chinese  Republic  for  the  information 
of  the  general  committee  in  considering  the  permanent  organization 
of  the  proposed  school  has  been  made,  and  the  committee  will  later 
be  called  together  for  further  consultation. 

PUBLICATIONS. 

Of  new  publications  there  was  issued  by  the  Smithsonian  Institu- 
tion and  its  branches  during  the  year  a  total  of  6,807  printed  pages. 
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with  634  plates  of  illustrations.  The  aggregate  distribution  was 
202,671  copies  of  pamphlets  and  bound  volumea 

One  of  the  principal  functi<ms  of  ihe  Institution,  "  the  diffusion  of 
knowledge,"  is  accconplished  through  its  publications,  which  record 
results  of  original  researches,  accounts  of  explorations,  the  progress 
achieved  in  sdence  and  industry,  and  gmeral  information  in  all 
l»«nches  of  human  knowledge  believed  to  be  of  value  to  those  inter- 
ested in  Ihe  promotion  of  science  and  in  the  welfare  of  man.  The 
series  of  "Contributions  to  Knowledge"  in  quarto  form,  and  the 
**  Miscellaneous  Collections,"  in  octavo,  are  printed  in  limited  editions 
at  ihe  expense  of  the  Institution  and  distributed  chiefly  to  certain 
large  libraries  throughout  the  world  where  they  are  available  for  pub- 
lic reference.  The  Annual  Beport,  however,  is  provided  for  by  con- 
gressional appropriations,  and  the  edition  is  great  enou^  to  permit 
its  wide  distributi(Hi.  Besides  the  official  report  of  the  Board  of 
Brents  and  the  secretary  of  the  general  operations  of  the  Institution 
during  the  year,  there  is  included  in  the  Smithsonian  Beport  a  gen- 
eral appendix  c<Hitaining  30  or  more  original  or  selected  papers  illus- 
trating the  more  remarkable  and  important  developments  in  scientific 
discovery. 

In  addition  to  the  three  series  of  wwks  above  mentitmed  pertain- 
ing to  the  Institutitai  proper,  there  are  issued  under  its  direction  (a) 
the  Annual  Beport,  the  Proceedings,  and  the  Bulletins  of  the  Ka- 
tional  Museum,  including  the  Contributitms  from  the  National  Her- 
barium; (b)  the  Annual  Beport  uid  Bulletins  of  the  Bureau  of 
American  Ethnology;  and  (c)  the  Annals  of  the  Astrophysical  Ob- 
servatory, all  of  which  are  pi^lic  documents  printed  through  annual 
allotments  by  act  of  Congress. 

Smiihaonian  Contributiona  to  Knowledge. — ^The  chief  characteris- 
tic of  memoirs  contained  in  the  Contributions  to  Knowledge  is  that 
they  are  discussicns  of  extensive  original  investigations  constituting 
important  additions  to  knowledge.  Since  the  establishment  of  this 
series  in  1848  there  have  been  publidbed  about  150  of  these  memoirs 
in  35  quarto  volumes.  The  m<»t  recent  of  these,  reviewed  in  my  last 
report,  was  the  *'  Langley  Memoir  on  Mechanical  Flight,"  recording 
the  experiments  of  the  late  Secretary  Langley,  resulting  in  his  suc- 
cessful demonstration  of  the  practicability  of  aerial  navigation  with 
machines  heavier  than  the  air. 

SmitJuonian  MuceUaneotu  CoUecttone. — Thirty-sis  papers  in  tiiis 
series  were  issued  during  the  year,  forming  parts  of  seven  v<^ume8,  as 
enumerated  in  Appendix  8.  They  included  some  articles  by  your 
aecretary,  describing  further  results  of  his  studies  of  Cambrian 
fossils,  and  papers  on  the  usual  wide  range  of  biological,  geolog- 
ical, and  anthropological  topics.  In  this  series  are  included  the 
Smithscsiian  tables,  which  have  become  standard  works  of  reference. 
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In  1852  the  Institution  published  the  first  edition  of  the  Smithsonian 
meteorolo^cal  tables,  which  were  so  widely  used  by  physcists  during 
the  next  40  years  that  it  was  decided  to  publish  three  sets  of  tables, 
indepeDdent  of  one  another,  but  forming  a  homogenous  seriee.  The 
first  of  the  new  series,  Smithsonian  Meterological  Tables,  was  pub- 
lished in  1893 ;  revised  editions  were  issued  in  1896,  1897,  and  1907, 
and  another  revised  edition  is  now  under  consideration.  The  second 
series,  Smithsonian  Geographical  Tables,  appeared  in  1894,  editicma 
slightly  revised  were  issued  in  1897  and  1906,  and  additional  copies 
of  the  last  edition  were  printed  during  the  past  year  to  meet  the 
constant  demand  for  this  work.  In  1896  there  was  published  the 
Smithsonian  Physical  Tables,  which  have  passed  through  several 
editions,  the  sixth  revised  edition  being  now  in  press.  In  this  latest 
edition  are  incorporated  many  new  tables  and  the  insertion  of  recent 
dlta  in  the  older  tables  to  conform  wit^  the  great  advances  in  various 
fields  of  physical  science.  A  fourtii  series  is  the  Smithsonian  Mathe- 
matical Tables  (Hyperbolic  Functions),  published  in  1909. 

STnithsonian  Report. — The  distribution  of  the  Annual  Beport  for 
1912  was  long  delayed,  awaiting  a  supply  of  the  quality  of  paper 
used  in  that  publication.  The  volume  contains  38  ari>icles  of  the 
usual  character  in  the  general  appmdiz.  The  report  for  1913  was  in 
type  at  the  close  of  the.£scal  year.  The  popularity  of  this  publica- 
tion continues  unabated,  the  entire  edition  each  year  becoming 
exhausted  very  soon  after  its  completion. 

Special  pubUcationa. — For  several  years  past  the  Institution  has 
issued  in  printed  form  the  Opinions  rendered  by  the  International 
Conmiission  on  Zoological  Nomenclature.  Ihiring  the  past  year 
Opinions  57  to  65  were  thus  published.  To  aid  the  work  of  this 
commission  the  Institution  also  provides  for  clerical  services  in  con- 
nection with  the  ofBce  of  its  secretary  in  this  country. 

Another  special  publication  of  the  year,  printed  in  a  limited  edi- 
tion,  was  a  pamphlet  giving  an  account  of  the  exercises  in  the  Smith- 
sonian building  on  May  6,  1913,  on  the  occasion  of  the  presentation 
of  the  Langley  medal  to  Monsieur  Eiffel  and  to  Mr.  Glenn  H.  Curtiss, 
and  the  unveiling  of  the  Langley  memorial  tablet. 

Harriman  Alaska  Series. — In  1910  there  was  transferred  to  the 
Smithsonian  Institution  by  Mrs.  Edward  H.  Harriman  the  re- 
mainder of  the  edition  of  volumes  1  to  5  and  8  to  13  of  the  elaborate 
publication  on  the  results  of  the  Harriman  Alaska  Expedition  of 
1899.  It  may  be  recalled  that  this  expedition  was  organized  wiUi 
the  cooperation  of  the  Washington  Academy  of  Sciences,  but  entirely 
at  the  expense  of  the  late  Mr.  Edward  H.  Harriman,  of  New  York. 
It  was  pariicipated  in  by  a  large  pari^  of  scientific  specialists,  on  a 
steamship  specialty  chartered  for  the  purpose.  A  narrative  of  the 
trip  and  observations  on  the  regions  visited,  together  with  descrip- 
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titKis  of  the  natural-history  features  of  Aladia  ware  prepared  by 
specialists  of  the  party  and  published  in  the  seri^  above  mentioDed. 
Vdumes  6  and  7  on  botany  are  still  in  preparation.  During  the  past 
year  volnme  14  has  been  issued  by  the  Smithsonian  Institution.  It 
is  a  monograph  of  the  shallow-water  starfishes  of  the  North  Pacitic 
coast,  from  the  Arctic  Ocean  to  California,  and  is  accompanied  by 
110  plates  of  illustratifHiB. 

National  Museum  publications. — The  annual  report  for  1914  of 
the  assistant  secretary  in  charge  of  the  National  Museum  was  pub- 
lidied  daring  the  year,  together  with  49  papers  from  the  Museiun 
Proceedings,  and  9  Bulletins,  including  a  number  of  parts  of  vol- 
umes of  Contributions  frtHU  the  National  Herbarium. 

Ethnology  publications. — The  Bureau  of  American  Ethnology 
issued  during  the  year  a  bulletin  on  Chippewa  Music  and  one  on  the 
Ethnozoology  of  the  Tewa  Indians.  There  were  in  prem  at  the  close 
of  the  year  three  annual  reports  and  several  bulletins,  as  noted  in 
titC'  second  appendix  of  this  report. 

A  strop hy^cal  Observatory. — Volume  3  of  the  Annals  of  the  Astro- 
physical  Observatory  was  distributed  early  in  the  fiscal  year. 

Reports  of  historical  and  patriotic  societies. — In  accordance  with 
the  national  charters  of  the  American  Historical  Association  and 
the  National  Society  of  the  Daughters  of  the  American  Bevolntion, 
amtual  reports  of  those  organizations  were  submitted  to  the  Insti- 
tution and  communicated  to  Congress. 

Allotments  for  printing. — ^Tbe  allotments  to  the  Institution  and 
its  branches,  under  the  head  of  "  Public  printing  and  binding,'^  dur- 
ing the  fiscal  year,  aggregating  $76,200,  were  all  utihzed,  with  the 
exception  of  small  balances  on  work  in  progress  at  the  close  of  the 
year.  The  allotments  for  ^e  year  ending  June  30,  1915,  are  as 
follows : 

For  Uie  SmUbsoaian  lostUotloii:  For  prlaUnK  and  binding  tbe  annual 

reports  of  tbe  Board  of  Regents,  with  geoeml  appendices -  $10,000 

For  tbe  anonsl  reports  of  tbe  Nattonal  Maseum,  with  general  appen- 
dices, and  for  printUig  labels  and  blanks,  and  for  the  Bulletins  and 
Proceedings  of  tbe  National  Museum,  the  editions  of  which  shall  not 
exceed  4.000  copies,  and  binding,  in  half  morocco  or  material  not  more 
eipenslTe,  sdentlflc  books,  and  pamphlets  presented  to  or  acquired 

by  the  National  Mnsenm  Ubrair ^T-  600 

For  the  annual  reports  and  BnUetloB  of  tbe  Bureaa  of  American  Etb- 

Mlog7  and  for  mlBceUaDeouB  printing  and  binding  for  the  bureau 21,000 

For  mlscellaneons  printing  and  binding: 

International  Exchanges. 200 

IntematlonsI  Catali^jne  of  Sdentlflc  Uterature. _ 100 

National  Zoological  Part J -  200 

Astrophyslcal  Dbaervatorr 200 

For  the  annoal  report  of  tbe  American  Historical  Association...   7.000 

Total Te,aOO  ^\q 
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Committee  on  printing  and  publication. — ^The  adviaory  committee 
on  prioting  and  publicfttion  under  the  Smithsoniaa  Institution  has 
continued  to  examine  manuscripts  proposed  for  publication  by  the 
branches  of  the  Institution  and  has  considered  various  questions  con- 
cerning public  printing  and  binding.  Twenty  meetings  of  the  com- 
mittee were  held  during  the  year  and  121  manuscripts  were  passed 
upon.  The  personnel  of  the  committee  during  the  year  was  as  fol- 
lows: Dr.  Frederick  W.  True,  Assistant  Secretary  of  the  Smith- 
sonian Institution,  chairman;  Dr.  C.  Q.  Abbot,  Director  of  the 
Astrophysical  Observatory;  Dr.  Frank  Baker,  Superintendent  of  the 
National  Zoological  Park;  Mr.  A.  Howard  Clark,  editor  of  the 
Smithsonian  Institution,  secretary  of  the  committee;  Mr.  F.  W. 
Hodge,  Ethnologist-in-charge  of  the  Bureau  of  American  Ethnol- 
ogy; Dr.  George  P.  Merrill,,  head  curator  of  geol<^,  United  States 
National  Museum;  and  Dr.  Leonhard  Stejneger,  head  curator  of 
biology,  United  States  National  Museum. 

Diatnbution  of  publications. — In  accordance  with  the  law  enacted 
August  23,  1912,  requiring  that  all  Oovemment  publications  be 
mailed  from  the  Government  Printing  OlBce,  the  Smithsonian  Be- 
port  and  publications  of  the  United  States  National  Museum  and 
the  Bureau  of  American  Ethnology  have  since  been  distributed 
direct  from  the  Government  Printing  Office. 


The  library  of  the  Smithsonian  Institution  is  its  most  valuable 
single  possession.  The  number  of  publications  of  learned  societies 
and  of  periodicals  and  other  works  pertaining  to  pure  and  applied 
science  which  have  been  brought  together  by  the  Institution  ance 
its  organization  aggregates  more  than  half  a  million  titles.  In 
1866  many  of  the  scientific  works  in  the  library  were  transferred  for 
various  administrative  reasons  to  the  Library  of  Congress,  where 
they  form  the  Smithsonian  deposit,  which  is  constantly  being  in- 
creased by  new  accessions.  The  number  of  additions  to  the  deposit 
during  the  past  year  was  32,195  pieces,  including  20,603  periodicals, 
3,765  volumes,  1,729  parts  of  volumes,  5,755  pamphlets,  and  343 
charts. 

In  the  Smithsonian  and  Museum  buildings  there  are  retained  such 
books  of  the  Smithsonian  Library  as  are  needed  for  reference  in 
scientific  investigations,  and  there  is  maintained  a  reading  room, 
where  the  current  numbers  of  nearly  300  foreign  and  domestic  scien- 
tific periodicals  are  on  file  for  consultation  by  students  in  general 
and  by  the  staff  of  the  Institution  and  its  branches. 

In  the  main  hall  of  the  Smithsonian  building  Steel  stacks  are  being 
constructed  for  the  better  care  and  preservation  of  the  libraries  of 
the  Government  bureaus  under  the  Institution,  CiOt)t^lc 
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Works  on  natur&l  history,  the  arts  and  industries,  and  other  sub- 
jects pertaining  to  the  several  departments  of  the  National  Museum 
■re  installed  in  the  Ttfiv  and  older  Museum  buildings.  This  library 
now  numbers  43,609  volumes,  73,761  pamphlets  and  unbound  papers, 
and  124  manuscripts. 

In  the  assistant  librarian's  review  of  the  year's  operations  in  ap- 
pendix 6  of  this  report  details  will  be  found  as  to  the  work  of  the 
Ubraiy  in  its  several  subdivisions. 

INTEKNATIONAL  C0NGHESSE3. 

The  Institution  is  frequently  invited  to  send  representatives  to 
scientific  congresses  in  the  United  States  and  abroad,  but  as  funds 
are  not  available  for  the  expenses  of  delegates,  invitations  can  be 
accepted  only  in  a  few  instances  when  collaborators  of  the  Instituti(m 
or  ntembers  of  the  scientific  staff  are  willing  to  attend  at  their  own 


Your  secretary,  as  a  member  of  the  Twelfth  International  Congress 
of  Geology,  would  have  attended  the  meeting  in  Toronto  August  7 
to  14,  1913,  but  he  was  unable  to  make  arrangements  to  leave  his 
field  work  in  the  Canadian  Rockies  at  that  time.  He  had  an  oppor- 
tunity to  address  the  members  of  the  congress  during  their  visit  to 
Field,  British  Columbia.  Dr.  George  P.  Merrill,  head  curator  of 
geology  in  the  United  States  National  Museum,  however,  attended 
the  congress  as  representative  of  the  Smithsonian  Institution  and  the 
Museum. 

Plans  had  been  perfected  at  the  close  of  the  fiscal  year  for  hold- 
ing the  Nineteenth  International  Congress  of  Americanists  in  Wash- 
ington during  the  month  of  September,  1914, 

QEOROE  WASHINGTON  MEMORIAL  BUri.DlNO. 

In  my  last  report  reference  was  made  to  the  act  of  Congress 
approve  by  the  President  March  4,  1913,  authorizing  the  George 
Washington  Memorial  Association  to  erect  a  memorial  building  on 
Armory  Square  facing  the  Mall,  which  extends  from  the  Capitol  to 
the  Washington  Mcmument.  The  control  and  administration  of  the 
building,  when  erected,  is  in  the  Board  of  Regents  of  the  Smith- 
sonian Institution;  Plans  for  the  building  were  selected  in  May, 
1S14,  from  deigns  submitted  by  13  competing  architects,  and  were 
subsequently  approved  by  the  National  Commission  of  Fine  Arts. 

The  drawings  depict  a  colonial  building  with  pillared  front  and 
square  ground  plan.  The  main  feature  is  an  auditorium  to  seat  6,000 
people,  which  is  arranged  in  the  form  of  an  ellipse,  with  the  stage 
■t  one  raid  and  a  deep  balcony  encircling  the  whole. 

The  work  of  construction  must  be  begun  before  the  4th  of  March, 
1915,  or  the  anthoriEation  by  Congress  for  the  use  of  the  above  rata  i|c 
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will  lapse.  It  is  further  provided  that  the  work  of  construction  can 
not  be  commenced  until  the  sum  of  $1,000,000  is  raised  b;  the  associa- 
tion, and  although  Mrs.  Henry  F.  Dimock,  president  of  the  associa- 
tion and  chairman  of  the  building  committee,  has  secured  a  part  of 
this  sum,  much  still  remains  to  be  raised. 

The  cost  of  the  building  must  be  not  less  than  $2,000,000,  and  there 
must  be  provided  for  its  maintenance  a  permanent  fund  of  not  less  - 
than  $500,000.  In  the  preamble  of  the  original  bill  (S.  5494)  passed 
by  the  Senate  April  15,  1912,  "  to  provide  a  site  for  the  erection  of 
a  building  to  be  known  as  the  George  Washington  Memorial  Build- 
ing, to  serve  as  the  gathering  place  and  headquarters  of  patriotic, 
scientific,  medical,  and  other  organizations  interested  in  promoting 
the  welfare  of  the  American  people,"  the  purpose  of  the  building  is 
defined  as  foUows: 

Wberees  George  WaeblDgtoD,  on  July  9,  1799.  said,  "  It  has  been  my  ardent 
wlsb  to  Bee  a  plan  devised  on  n  liberal  scale  wblch  wonld  spread  syatemattc 
Ideas  through  all  parts  of  this  rtslng  empire,"  and  It  was  Washington's  wish 
to  materially  assist  In  the  development  of  his  beloved  country  through  the 
pronotioD  of  science,  literature,  and  art,  and  with  the  firm  conviction  that 
"knowledge  is  the  surest  basis  of  public  happiness";  and 
Whereas  the  chatiglng  conditions  that  time  has  brought  require  new  methods 
of  accomplishing  the  tesults  desired  by  Wnsblngton  and  now  a  necesxlty  of 
the  Amerlcaa  people;  and 
Wbereas  nt  the  present  time  there  is  not  any  suitable  building  In  the  city  of 
WoBhlngton  where  large  conventions  or  in  which  large  public  functlon.s  can 
be  held,  or  where  the  permanent  bendqnnrters  and  records  of  national  organi- 
zations can  be  administered;  and 
Wherena  a  building  should  t>e  provided  In  which  there  sliall  be  a  lai^e  andl- 
torlum,  halls  of  different  sizes  where  all  societies  pertalntog  to  the  growth  of 
our  best  Interests  can  meet,  and  such  as  It  is  deemed  destrnble  may  bav« 
l>ermaDent  headquarters;  and 
Whereas  the  George  Washington  Memorial  AsMiclatloa  is  now  engaged  in  ob- 
taining funds  for  the  erection  and  endowment  of  a  building  suitable  for  the 
purposes  atwve  set  forth,  to  be  known  as  the  George  WaHhlngton  Uemorlal 
Building:  Therefore    •     •     • 

The  law  as  passed  by  Congress  and  approved  by  the  President 
March  4, 1913,  was  as  follows: 

Be  it  pnacted  by  the  Senate  and  House  of  Repreaentativea  of  the  United  Btatet 
of  Amerka  in  Congrem  oasCTHftJed; 

Sec.  10.  That  n  building  la  hereby  authorized  to  be  erected  In  (he  District  of 
Columbia,  to  be  known  as  the  George  Washington  Memorial  Building, 

The  control  and  administration  of  said  building,  when  erected,  shall  be  In  the 
Board  of  Regents  of  the  Smithsonian  Institution. 

The  George  Washington  Memorial  AaaDciatloD  is  authorized  to  erect  said 
building  In  accordance  with  plans  to  be  procured  by  said  association  and  to  be 
approved  by  the  Comniission  of  Fine  Arts,  snld  building  to  be  fireproof,  faced 
with  granite,  and  to  cost  not  leas  than  52,000,000;  It  shall  have  an  auditorium 
that  will  sent  not  less  than  six  thonnand  people,  and  such  ottier  smaHer  balls, 
reception  rooms,  office  rooms,  and  bo  forth,  as  may  be  deemed  neceaaary  to 
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carry  ont  the  purposes  for  wlilcb  tbe  bulldlog  is  erected.  Aiu)  the  said  Qeorge 
WaahlDgton  Ueinorlal  Association  sliall  in  addition  provide  a  permanent  endow- 
ment fnnd  of  not  less  than  $600,000,  to  lie  administered  t>y  tbe  Board  of  Regents 
of  the  Smittisonian  Institution,  tlie  income  from  wblcli  siiall.  as  far  as  neceBsary. 
be  nsed  for  the  maintenance  of  the  said  bnlldlng. 

Permission  la  granted  the  George  Washington  Memorial  Association  to  erect 
Bald  building  in  tlie  north  ead  of  tbe  reserration  known  as  Armorr  Square, 
bounded  b;  Slxtli  and  Seventh  Streets  west  aod  B  Street  north  and  B  Btreet 
BoattL  The  south  front  of  said  building  is  to  be  on  a  Une  with  tlie  south  front 
of  the  new  National  Museum  Building,  In  the  north  end  of  the  Smithsonian 
Park;  and  the  said  land  is  hereby  set  apart  for  that  purpose:  Provided,  That 
the  actual  construrtion  of  said  bnlldlng  stiall  not  tte  undertaken  until  the  sum 
of  fl,O00,000  slial]  have  been  snbscrilied  and  paid  into  the  treasury  of  tbe  George 
Washington  Memorial  AssociaUon :  And  provided  further.  That  the  erection  of 
said  George  Waslilngton  Memorial  Building  be  begun  within  h  period  of  two 
years  from  and  after  the  passage  of  this  act,  and  this  section  shall  be  null  and 
void  should  the  George  Washington  Memorial  Association  fail  to  comply  with 
the  provisions  thereof,  which  are  conditions  precedent  to  the  authorization 
herein  granted. 

Said  building  may,  amooK  other  purposes,  be  used  for  inaugural  receptions 
and  special  public  meetings  authorized  by  Congress. 

Congress  may  alter,  amend,  add  to,  or  repeat  any  of  the  provisions  uf  this 
section. 

NATIONAL  MUSEUM. 

Since  the  operations  of  the  Museum  are  reviewed  by  Assistant 
Secretary  Sathbun  in  the  first  appendix  of  this  report  and  are  dis- 
cussed in  detail  in  a  separate  volume,  it  seems  unnecessary  for  me 
here  to  do  more  than  to  allude  to  some  of  tbe  more  important  fea- 
tures of  the  year's  work.  The  growth  of  the  Museum  during  recent 
yMTS  has  been  greater  than  during  auy  prior  period  of  its  history. 
Confined  as  it  was  for  more  than  30  years  within  restricted  quarters 
poorly  adapted  for  many  classes  of  exhibits,  its  growth  was  greatly 
hindered  and  its  value  to  the  public  hampered  in  many  ways.  With 
the  completion  of  the  new  building,  however,  there  has  come  an  era 
of  greater  usefulness  to  the  Nation  in  every  direction.  The  natural 
history  collections  are  now  given  adequate  room  in  the  spacious 
halls  of  the  new  building,  while  in  the  older  structure  opportunity 
is  afforded  for  the  proper  display  of  objects  relating  to  the  arts  and 
industries  and  to  American  history.  Increase  in  every  division  of 
tbe  three  principal  departments  of  the  Museum^ — anthropology,  biol- 
ogy,  and  geology — is  now  welcomed  both  for  purposes  of  exhibition 
and  in  the  study  series. 

During  the  last  fiscal  year  there  was  added  a  total  of  337,706 
objects,  14,879  of  which  pertained  to  anthropology,  257,816  to  zoolt^y, 
4i,G75  to  botany,  3,648  to  geology  and  mineralt^y,  13,045  to  pnle- 
<»itology,  3,930  to  textiles  and  other  animal  and  vegetable  products, 
505  to  mineral  technology,  and  207  to  tbe  National  Gallery  of  Art. 
Tbe  relative  importance  of  many  classes  of  objects  thus  acquired  i^ip 
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referred  to  in  the  assistant  secretary's  report.  Among  the  most  note- 
worthy accessions  in  ethnology  were  more  than  500  objects  from 
Dutch  New  Guinea,  the  Moluccas  and  Ambon  of  the  Ceram  group, 
collected  and  presented  by  Dr.  W.  L.  Abbott,  who  has  done  so  much 
for  the  Museum  in  past  years  toward  increasing  our  knowledge  of 
the  zoology  and  ethnology  of  the  Far  East.  Among  the  important 
acquisitions  in  biology  were  some  200,000  insects  obtained  by  ento- 
mologists of  the  Department  of  Agriculture  during  economic  investi- 
gations; a  generous  donation  from  Dr.  E.  A,  Meams,  consisting  of 
his  large  private  collection  of  bird  skins,  eggs,  and  skeletons,  con- 
taining many  rarities;  and  over  10,000  specimens,  mainly  grasses, 
from  the  Department  of  Agriculture.  Additions  in  geology  and 
mineralogy  included  a  200-pound  specimen  of  copper  from  Nevada; 
many  specimens  of  minerals  from  various  sources,  including  rare  and 
excellent  examples  and  some  new  forms;  meteorites ;  Cambrian  fossils; 
and  three  valuable  type  collections  pertaining  to  the  paleobotany  of 
Alaska  and  other  regions.  Dr.  E.  O.  Ulrich  presented  about  3,000 
Paleozoic  fossils  of  much  value  to  the  Museum.  The  division  of 
textiles  has  been  enriched  by  many  important  accessions  and  has 
been  much  extended  in  its  scope  during  the  year. 

In  the  division  of  history  there  were  large  additions  to  memorials 
of  eminent  Americans  and  of  historic  events.  An  exhibit  of  period 
costumes  installed  in  one  of  the  history  halls  has  attracted  much 
attention.  It  includes  a  series  of  costumes  worn  by  wives  of  many 
of  the  Presidents  of  the  United  States,  and  contains  valuable  ex- 
amples of  the  styles  of  dress  in  America  since  the  colonial  period 
and  a  variety  of  articles  of  domestic  and  personal  use.  A  unique 
photographic  exhibit  illustrates  the  apparatus  and  results  of  all 
stages  of  that  art  since  the  first  attempts  to  obtain  pictures  through 
the  agency  of  the  sun. 

The  collection  of  fine  arts  has  been  enriched  by  further  gifts  from 
Mr.  Charles  L.  Freer,  of  Detroit.  His  original  gift,  made  in  1906,  * 
contained  about  2,300  objects,  and  has  since  been  increased  to  4,701 
most  interesting  and  valuable  examples  of  oriental  and  American 
art.  The  collection  remains  in  the  possession  of  the  donor  during  his 
life.  Mr.  Freer  has  provided  for  the  construction  of  a  suitable  build- 
ing adjacent  to  the  National  Museum  for  the  permanent  preserva- 
tion and  display  of  the  collection.  Among  permanent  additions  to 
the  National  Gallery  were  a  number  of  paintings.  The  loans  ag- 
gregated 109  paintings  and  S  pieces  of  sculpture  from  various 
sources. 

I  have  elsewhere  mentioned  the  bequest  to  the  Institution  by  Dr. 
Chamberlain  of  $35,000,  establishing  a  fund  to  promote  the  increase 
and  scientific  value  of  the  Isaac  Lea  collections  of  precious  stones 
and  fresh-water  mussels  in  the  Museum.  ~  ■ 
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In  the  interest  of  general  education,  particularly  in  natural  his- 
tory, it  has  been  the  custom  for  many  years  to  distribute  to  schools 
and  colleges  throughout  the  country  such  duplicate  material  as 
can  be  spared  from  the  Museum  collections.  During  the  past  year 
14,5M  specimens  were  thus  distributed,  besides  several  hundred 
pounds  of  roclcB,  minerals,  and  orea 

The  total  attendance  of  visitors  to  the  new  or  natural  history 
building  during  the  year  was  267,728  for  week  days  and  61,653  on 
Sundays,  while  the  older  building  was  visited  by  146,533  persons. 

Hie  publications  of  the  year  numbered  14  volumes  and  58  sep- 
arate papers.  The  library  has  now  increased  to  a  total  of  43,609 
volumes  and  73,765  pamphlets  and  other  unbound  papers. 

The  auditoriimi  and  other  available  rooms  in  the  new  building 
have  proved  of  great  convenience  for  meetings  of  scientific  bodies 
and  were  largely  utilized  during  the  year.  Accommodations  were 
also  afforded  for  several  conventions  of  agriculturists,  accompanied 
by  exhibits  of  wool,  fruits,  and  other  products 

BUREAU  OF  AMERICAN  ETHNOLOGY. 

The  work  of  the  Bureau  of  American  Ethnology  during  the  year 
has  brou^t  together  much  new  material  relating  to  the  habits  and 
customs  and  the  languages  of  the  American  Indians.  The  results 
of  the  studies  of  the  several  investigators  are  being  published  as 
promptly  as  practicable.  The  systematic  researches  by  the  eth- 
nologists forming  the  scientific  staff  of  the  bureau  are  described 
in  detail  in  the  second  appendix  of  this  report.  I  may  mention  as  of 
special  interest  a  reconnoissance  by  Mr.  F.  W.  Hodge,  Ethnologist- 
in-charge,  of  a  group  of  prehistoric  ruins  on  a  mesa  in  Cebollita 
Valley,  N.  Hex.  These  ruins  consist  of  a  number  of  house  groups 
forming  a  compound  built  on  an  almost  impregnable  height,  and 
designed  for  defense;  not  only  the  groups  but  the  individual  houses 
bave  the  form  of  fortifications,  while  the  vulnerable  point  of  the 
mesa  rim  is  protected  by  means  of  a  rude  breastwork  of  stones.  The 
outer  wall,  which  protects  the  whole  mesa,  is  built  of  exceptionally 
fine  masonry,  probably  the  finest  work  to  be  found  in  ancient  pneblo 
ruina  of  the  Southwest.  The  building  stones  have  been  dressed  to 
shape,  matched  for  aze,  and  th^r  faces  finished  by  pecking,  with 
SQch  labor  as  to  confirm  tlie  belief  that  this  ancient  village  was 
designed  for  permanent  occupancy.  Among  the  special  features  of 
interest  which  Mr.  Hodge  discovered  were  a  burial  cist  in  which 
skeietons,  pottery,  and  the  remains  of  a  mat  were  found ;  three  small 
cUff  lodges  sitUiUed  in  the  aides  of  the  cliffs;  several  ceremonial 
rooms  or  kivas  associated  with  the  ruined  houses ;  and  the  remains 
of  the  early  reservoirs  of  the  inhabitants. 
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A  study  was  made  by  Dr.  Fewkes  of  prehistoricantiquities  in  the 
Lesfier  Antilles  and  material  gathered  for  a  proposed  monograph  on 
the  aborigines  of  those  islands.  Examination  was  made  of  many 
village  sites,  prehistoric  momids,  shell  heaps,  and  bowlders  bearing 
incised  pictographs.  In  a  shell  heap  in  Trinidad  there  was  found 
a  valuable  collection  of  animal  heads  made  of  terra  cotta  and  stone 
and  other  implements  illustrating  the  early  culture  of  the  island.  As 
a  result  of  his  researches  thus  far,  Dr.  Fewkes  concludes  that — 

The  New  World,  wben  discovered,  bad  not  advaoced  In  autochthooona  de- 
velopment beyimd  the  neolithic  &ge,  whereas  ia  Asia,  Europe,  and  Africa  a 
neolithic  age  was  supplemented  by  one  In  which  metals  bad  replaced  stone  for 
Implements.  In  the  Old  World  this  pollshed-etone  epoch  was  preceded  by  a 
paleolithic  stone  age  not  represented,  so  Tar  as  Is  kaown.  In  America.  The 
ethnology  and  arcbeol<^y  of  onr  Indians  Is  therefore  only  a  chapter,  and  that 
a  brief  one.  of  a  s^meut  of  a  much  more  extended  rada]  evotatlon,  as  llloB- 
trated  tn  Asia,  Europe,  and  Africa. 

Further  study  was  made  by  Mr.  Mooney  of  the  sacred  formulas  of 
the  Cherokee  Indians  in  North  Carolina.  In  connection  with  this 
work  a  collection  of  medicinal  plants  was  made,  including  some  speci- 
mens of  the  native  corn  still  cultivated  as  sacred  and  found  to  be  a 
new  and  hitherto  undescribed  variety  of  special  food  importance 
under  cultivation. 

Investigations  also  progressed  among  the  Fox  Indians,  the  Creeks, 
Osage,  Seneca,  and  other  tribes,  and  in  the  study  of  various  Indian 
languages  and  ceremonies  much  advancement  was  made.  Toward  a 
work  on  the  habits  and  customs  and  ceremonies  of  the  Tewa  Indians 
of  New  Mexico  there  has  been  brought  together  much  interesting 
information. 

Several  years  ago  there  was  begun  a  series  of  handbooks  on  the 
American  Indians.  The  6rst  of  these  was  issued  in  two  volumes, 
entitled  "Handbook  of  American  Indians  North  of  Mexico,"  and 
contains  a  descriptive  list  of  the  stocks,  confederacies,  tribes,  tribal 
divisions,  and  settlements  north  of  Mexico,  with  sketches  of  their 
history,  archeology,  manners,  arts,  customs,  and  institutions.  The 
work  proved  of  so  great  value  to  the  public  that  several  reprintings 
became  necessary,  including  a  special  reprint  by  the  Canadian  Gov- 
ernment. 

The  Handbook  of  American  Indian  Languages  forms  the  second 
of  the  series.  Part  I  of  this  handbook  has  been  published  and  por- 
tions of  the  second  part  have  been  printed  in  separate  form.  This 
work  discusses  the  characteristics  and  classification  of  the  languages 
of  the  American  Indians  and  their  relation  to  ethnology.  In  North 
America  north  of  Mexico  there  are  distinguished  55  linguistic  fam- 
ilies. The  first  volume  of  the  handbook  contains  sketches  of  a  num- 
ber of  the  languages  of  the  northern  portion  of  the  continent,  in- 
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years  had  served  on  the  executive  committee.  Mr.  Bacon  wits  edu- 
cated at  the  University  of  Georgia  in  1859  and  was  honored  with 
the  degree  of  doctor  of  laws  in  1909.  He  was  for  many  years  en- 
gaged in  law  practice  at  Macon,  Ga.  He  became  a  United  States 
Senator  on  March  4, 1895,  and  was  thrice  reelected,  eerrfng  on  many 
important  committees  of  that  body.  As  a  Regent  of  the  Smith- 
sonian Institution  he  took  deep  interest  in  the  development  of  plans 
for  the  advanc^nent  of  science  and  the  general  welfare  of  manldnd. 

Irvin  St.  Clare  Pepper,  bom  in  Davis  County,  Iowa,  June  10, 
1876,  became  a  member  of  the  Board  of  Regents  of  the  Smithsonian 
Institution  in  December^  1911,  and  was  reappointed  Decwnber  10, 
1913.  He  died  on  December  22,  1918.  Mr.  Pepper  graduated  from 
the  Southern  Iowa  Normal  School  in  1897  and  received  the  degree  of 
bachelor  of  laws  from  the  George  Washington  University  in  1905, 
and  in  1906  entered  law  practice  at  Muscatine,  Iowa.  He  was  county 
attorney  from  1906  to  1910  and  member  of  the  Sixty-second  and 
Sixty-^rd  Congresses.  Resolutions  to  th^^memory  of  Mr.  Pepper 
were'  adopted  by  the  Regents  at  the  adjourned  annual  meeting  Jan- 
uary 15,  1914. 

Frederick  William  True,  bom  at  Middletown,  Conn.,  July  8, 
1858,  died  in  Washington  City  June  25,  1914.  He  was  appointed  an 
Assistant  Secretary  of  the  Smithsonian  Institution  Jtine  1,  1911,  his 
special  duties  being  in  connection  with  the  library  and  international 
exchanges.  Dr.  True  had  held  various  positions  of  trust  under  the 
Institution  since  1881.  The  following  tribute  to  his  memory  was 
adopted  by  his  associates  at  a  meeting  on  June  26,  1914: 

Frederick  Wllllain  True,  master  of  scleoce,  doctor  of  laws,  Assistant  Secre- 
tarj-  of  the  Snillhsonlim  Institution,  died  at  Wasbington,  D.  C,  June  25,  1914, 
In  tbe  Qftr-slsth  year  of  bis  age. 

Hla  associates  In  tbe  Smftbsonlan  Instttutlon  and  Its  sereral  iMrancbes,  as- 
semUed  at  a  meeting  in  Us  memory  at  tbe  United  States  National  Maseom 
on  June  26,  do  bere  record  their  profound  sorrow  In  the  lose  of  aa  honored 
scholar,  an  executive  officer  of  marked  ablUtj,  a  sincere  friend,  a  patriotic 
citizen,  and  a  modest  man. 

Graduated  from  the  New  Xork  tlnlTerslty  at  the  earl?  age  of  20,  he  at  once 
entered  the  service  of  the  United  States  as  tbe  yonngeet  member  of  tbe  sdeotlflc 
corps  brought  together  br  Profs.  G.  Brown  Goode  aoa  Spencer  F.  Baird  during 
the  formatlTe  stages  of  tbe  National  Museum.  Through  faithful  performance 
of  duty  in  positions  of  trust  he  leaves  to  his  associates  an  example  worthy  of 
emulation,  and  through  his  unassuming  and  upright  personality  a  cberisbeil 
memory. 

Respectfully  submitted. 

Charles  D.  Walcott,  Secretary. 
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Appendix  1. 

REPORT  ON  THE  UNITED  STATES  NATIONAL  MUSEUM. 

Sib  :  I  have  the  honor  to  submit  the  following  report  on  the  opera- 
tions of  the  United  States  National  Museum  for  the  fiscal  year 
ending  June  30,  1914: 

INTBODUOIORY. 

The  last  report  contains  a  brief  review  of  the  exhibits  in  the  new 
building,  which  mainly  relate  to  zoology,  geology,  and  anthropology, 
though  also  including  the  paintings  of  the  National  Gallery  of  Art 
and  certain  special  and  temporary  installations.  The  natural  history 
collections,  while  presenting  a  generally  finished  appearance,  are, 
however,  as  there  explained,  still  incomplete  and  to  a  large  extent 
provisional  in  their  arrangement.  Considerable  progress  toward 
their  improvement  was  made  during  last  year,  and  this  work  will  be 
continued  as  rapidly  as  possible  until,  to  the  extent  of  the  material 
available,  some  degree  of  perfection  has  been  reached,  but  the  pur- 
poses of  the  Museum  would  be  poorly  served  if  more  or  less,  and 
even  radical,  changes  were  not  made  from  time  to  time  in  those  parts 
of  the  collections  which  belong  especially  to  the  public. 

Because  of  extensive  interior  alterations  going  on  in  the  Smith- 
sonian building,  it  was  necessary  temporarily  to  withdraw  the 
graphic  arts  collection  from  display,  but  upon  the  completion  of 
this  work  the  surroundings  for  this  important  division  will  be  greatly 
improved.  In  the  older  Museiun  building,  moreover,  there  was  much 
activity  in  connection  with  the  exhibits,  though  not  as  much  was 
accomplished  as  was  desirable  or  would  have  been  possible  with  a 
slightly  increased  appropriation.  This  building  has  been  entirely 
given  over  to  the  arts  and  industries  and  American  history.  Square 
in  shape,  its  exhibition  space,  amounting  to  about  100,000  square 
feet,  is  divided  into  four  nav^  or  halls,  radiating  from  a  central 
pavilion,  the  naves  in  turn  being  connected  by  ranges,  eight  in  num- 
ber, which,  follow  the  outer  walls  of  the  building  and  inclose  four 
square  covered  courts.  Although  conasting  of  only  a  single  story, 
except  in  the  towers  and  pavilions,  which  are  used  for  offices,  most 
of  the  halls  are  supplemented  by  galleries.  The  building  faces  north, 
and  its  different  subdivisions  are  designated  by  their  position  with 
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reference  to  the  rotunda.  In  planning  for  the  distribution  of  the 
collections  it  has  not  been  found  possible  to  provide  for  all  of  the 
subjects  which  should  be  comprehended,  and  the  fact  that  a  fen  of 
the  halls  are  still  unarranged  is  due  in  part  to  the  insufficient  force 
and  in  part  to  the  length  of  time  required  for  the  preparation  of 
many  of  the  exhibits.  A  brief  summary  of  the  conditions  at  the 
close  of  the  year  may,  however,  be  of  some  interest. 

The  division  of  history,  formerly  limited  to  the  north  hall,  has 
been  extended  into  the  west  north  range  and  the  north  west  range, 
and  also  occupies  the  floor  space  in  the  northwest  court.  The  hall 
and  connecting  range  contain  the  general  collection  of  history,  con- 
sisting chiefly  of  memorials.  The  collection  of  musical  instruments 
previously  filling  the  large  wall  cases  along  the  sides  of  this  hall, 
though  not  belonging  to  this  division,  have  been  removed  to  a  corre- 
sponding position  in  the  northwest  court,  leaving  these  cases  to  be 
used  for  historical  furniture,  of  which  the  Museum  has  many  im- 
portant pieces.  In  one  of  them,  however,  "  The  Star-Spangled  Ban- 
ner" still  remains,  pending  arrangements  for  a  better  installation. 
In  the  north  west  range  has  been  placed  the  period  costume  collec- 
tion, wliich  was  first  opened  to  the  public  in  February  last.  This 
noteworthy  feature,  which  centers  upon  a  series  of  White  House 
costumes  draped  on  manikins,  contains  many  and  valuable  examples 
of  the  styles  of  dress  in  America  from  the  colonial  period  to  the 
present  time,  besides  a  great  variety  of  articles  of  domestic  and 
personal  use.  In  the  adjoining  or  northwest  court  are  the  coins  and 
medals  and  the  postage  stamps,  also  an  installation  of  last  year. 
The  former  are  shown  in  table  cases,  but  the  stamps  required  a 
special  arrangement  which  has  been  carried  out  in  the  form  of  two 
Jong  upright  cases,  fitted  with  framed  sliding  screens  to  which  the 
stamps  are  attached.  The  gallery  of  this  court  is  devoted  to  the 
unique  photographic  exhibit,  illustrating  by  apparatus  and  results 
all  of  the  stages  in  the  progress  of  this  art  from  the  first  attempts 
at  obtaining  pictures  through  the  agency  of  the  sJin,  The  opening 
of  this  display  was  likewise  a  feature  of  the  year. 

On  the  left-hand  side  of  the  building  on  entering  is  the  art  textile  ' 
collection  in  the  east  north  range,  followed  by  the  boat  hall,  or  north 
east  range,  in  both  of  which  but  few  changes  were  made.  The  divi- 
sion of  mechanical  technology,  to  which  the  exhibit  of  boats  belongs, 
also  occupies  the  east  hall,  the  northeast  court,  and  about  one-half 
of  the  south  east  range.  The  court  is  mainly  given  over  to  small 
arms,  both  military  and  other,  of  which  the  collection  is  the  largest 
and  most  varied  in  this  country.  The  remaining  space  is  used  for 
a  considerable  variety  of  subjects,  such  as  land  and  air  transporta- 
tion, electricity  in  its  several  applications,  measures  of  space  and 
time,  and  many  miscellaneous  devices  and  inventions,  which  are  well 
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displayed  and  labeled  and  to  which  numerous  additions  have  re- 
oently  been  made.  In  tiie  gallery  of  the  court  are  the  collections  of 
ceramics,  glassware,  bronzes,  etc.,  and  in  the  north  gallery  of  the 
ball  is  the  exhibit  of  the  division  of  medicine. 

The  southern  part  of  the  building  has  been  allotted  to  two  divi- 
sions,  which,  organized  some  30  years  ago  but  soon  discontinued  on 
icconnt  of  lack  of  space,  have  recently  been  reestablished  on  a 
broader  basis  and  have  already  attained  considerable  prominence. 
One  of  these  is  the  division  of  textiles,  including  also  such  animal 
and  vegetable  products  as  do  not  specifically  belong  elsewhere.  To 
this  division  have  been  assigned  the  south  hall,  the  east  south  range, 
and  the  southeast  court,  together  with  a  considerable  amount  of 
gallery  space.  While  much  of  the  original  collection,  when  removed 
from  storage,  was  found  to  be  still  serviceable,  the  greater  part  of 
the  textile  display,  whidi  is  exceedingly  rich  and  varied  in  its  repre- 
Eentation  of  this  industry  in  the  United  States,  is  the  accumulation  of 
cnly  two  years.  There  is  also  a  fair  illustration  of  the  work  done 
in  the  Philippines  and  some  examples  from  Porto  Kico.  The  exhi- 
bition of  animal  and  vegetable  products  is  much  less  advanced,  and 
there  is  still  to  be  taken  up  the  subjects  of  commercial  woods  and 
of  foods. 

The  diviflion  of  mechanical  technology  has  been  assigned  the  west 
hall,  Uie  southwest  and  west  south  ranges,  and  the  southwest  court, 
the  occupation  of  all  of  which  has  been  planned,  in  part  definitely, 
in  part  provisionally.  The  objects  of  this  division  are  to  illustrate 
the  processes  involved  in  extracting  minerals  from  the  earth,  and  in 
the  utilization  of  the  products  so  obtained,  with  the  intention  of 
covering  all  the  important  minerals,  both  metallic  and  nonmetallic. 
IVi^refB  with  this  exhibition  will  be  slow,  because  of  the  time  re- 
quired to  build  models,  in  which  the  mining  and  manufacturing 
interests  are  giving  hearty  and  generous  support,  even  to  the  extent 
of  furnishing  expensive  reproductions  of  their  works  and  operations. 
The  first  of  the  exhibits,  opened  to  the  public  last  year,  rel^  mainly 
to  the  subject  of  coal,  and  include  several  excellrait  models,  the  largest 
of  which,  representing  a  bituminous  colliery,  occupies  fully  half  the 
Soor  space  of  the  southwest  court.  A  number  of  other  models  and 
exhibits  were  also  completed  and  installed,  and  additional  ones  were 
in  course  of  constmcticoi. 

COLLECTIONS. 

The  additions  to  the  collections  aggregated  approximately  337,705 
specimens,  appcaiioned  among  the  several  branches  of  the  Museum 
as  follows,  namely:  Anthropoli^y,  14,879;  zoology,  257^16,  of  which 
over  314,000  were  insects;  botany,  44,675;  geology  and  mineralogy, 
3,648;  paleontology,  13^)45;  textiles  and  other  animal  and  v^etable 
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products,  2,9dQ;  mineral  technology,  505;  and  the  National  Gallery 
of  Art,  207.  There  were  also  received  as  loons  2,280  objects,  mainly 
for  the  exhibition  series  in  ethnology,  ardieology,  history,  and  the 
Gallery  of  Art. 

Thie  most  noteworthy  accessions  in  ethnology  consisted  of  over  500 
objects  from  northern  Dutch  New  Guinea,  the  Moluccas  and  Ambon 
of  the  Ceram  group,  collected  and  presented  by  Dr.  W.  L.  Abbott;  an 
especially  important  lot  of  material  obtained  at  St.  Lawrence  Island, 
Alaska,  by  Dr.  Riley  D.  Moore,  of  the  Museum  staff;  and  a  series  of 
Siouan  ethnologica  of  particular  value,  as  the  locality  and  tribal 
origin  of  the  specimens  are  properly  recorded.  The  principal  addi- 
tions in  American  archeology  comprised  material  from  old  Indian 
camp  sites  and  caves  in  Patagonia  and  from  Guatemala,  the  results 
of  explorations  by  Mr.  Chester  W.  Washbume  in  the  former  region, 
and  by  Mr.  Neil  M.  Judd  in  the  latter;  an  interesting  series  of  st<me 
implements  from  Jackson  County,  Mo.,  presented  by  Mr.  J.  G. 
Braecklein ;  and  a  large  number  of  exceptionally  fine  specimens  of 
the  same  character  from  Missouri  and  Illinois,  purchased  from  Mr. 
D.  I.  Bushnell,  jr.  The  collection  of  Old  World  archeology  was 
enriched  by  a  drawing  in  color  of  an  ancient  mosaic  map  of  Pales- 
tine and  adjacent  regions,  the  gift  of  Mr.  S.  W.  Woodward;  an  im- 
portant contribution  from  the  Egypt  Exploration  Fund  through  Mr. 
Woodward ;  a  large  number  of  ancient  coins  and  other  objects  from 
the  Near  East,  lent  by  Mrs.  John  Paul  Tyler;  and  several  series  of 
prehistoric  material  from  Europe.  The  more  notable  accessions  in 
physical  anthropology  con»sted  of  human  crania  and  skeletons, 
mainly  of  the  Eskimo  and  Aleuts,  the  Buriats  of  central  Siberia,  the 
Mongolians,  the  natives  of  Melnik,  Bohemia,  the  Patagonians,  and 
early  man  in  Europe.  The  division  of  mechanical  technology  re- 
ceived a  circular  sundial  adapted  to  the  latitude  of  Peking  and 
inscribed  in  Chinese  characters  from  Mr.  Claude  L.  Woolley;  a  set 
of  ancient  German  coin  scales  made  by  Johann  Daniel  Ellinghaus,  in 
Radevormwalde,  Germany;  important  additions  to  the  series  of  fire- 
arms, and  many  other  objects.  There  were  a  number  of  interesting 
contributions  in  pottery  and  bronze,  and  also  several  desirable  gifts 
to  the  collections  of  graphic  arts  and  musical  instruments. 

The  division  of  history  was  the  recipient  of  many  accessions,  some 
of  which  were  of  much  value,  and  an  exceptionally  large  percentage 
were  permanent  acquisitions.  There  were  additions  to  the  Washing- 
ton collection ;  pieces  of  furniture  formerly  belonging  to  Alexander 
Hamilton  and  Gen.  Philip  Schuyler;  relics  of  Bear  Admiral  Charles 
Wilkes,  United  States  Navy;  of  Aaron  Burr,  and  of  Prof.  Spencer 
F.  Baird;  the  sword  carried  by  Brig.  Gen.  Strong  Vincent,  United 
States  Volunteers,  when  mortally  wounded  at  Little  Round  Top, 
Gettysburg;  and  a  large  collectitni  of  canes,  interesting  historically 
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Bs  well  as  for  their  workmanship,  some  haviDg  been  owned  by  persons 
of  high  distinction.  The  collection  of  postage  stamps,  postal  cards, 
and  stamped  envelopes  was  increased  to  the  extent  of  about  9,000 
examples,  and  many  additions  were  made  to  the  series  of  coins  and 
medals  and  of  portrait  photographs.  So  many  contributions  were 
received  for  the  period  costume  c<dlection  as  to  permit  of  the  instal- 
lation and  opening  of  the  baU  allotted  to  this  subject. 

Especially  notable  among  the  acquisitions  in  biology  were  some 
200,000  insects  obtained  by  entomologists  of  the  Department  of  Agri- 
colture  during  economic  investigations  in  Texas  and  neighboring 
States.  Mr.  H.  C.  Baven,  whose  work  has  continued  to  be  maintained 
by  Dr.  W.  L.  Abbott,  sent  over  1,500  Ti(inT"'nftl»  and  birds  from  eastern 
Borneo,  including  numerous  rare  and  probably  some  new  forms.  Be- 
iddes  extensive  collections  of  fishes  and  marine  invertebrates,  the 
Bureau  of  Fisheries  transfu-red  a  large  number  of  reptiles  andbatra- 
cliians  from  various  parts  of  North  America,  and  the  first  series,  with 
the  types,  of  the  mammals  obtained  in  Lower  California  during  the 
cruise  of  the  steamer  Albatroaa  in  1911.  Tbe  Biological  Survey,  in 
addition  to  its  regular  deposits  of  North  American  mammals  and 
birds,  turned  over  to  the  Museum  many  mammals  from  Patagonia 
and  reptiles  and  batrachians  from  Panama,  and  Prof.  A.  M.  Reese 
contributed  a  large  quantity  of  specimens  of  several  groups  collected 
by  him  at  the  Philippine  Islands.  Additional  mammals  were  re- 
ceived from  China,  Africa,  tbe  island  of  Sardinia,  etc,  and  reptiles 
and  batrachians  from  California,  Misd&sippi,  Alabama,  and  other 
southern  States.  A  generous  donation  from  Dr.  E.  A.  Meams,  United 
States  Army,  retired,  consisted  of  his  large  private  collection  of  bird 
^^^in^  Bgg^  *^  skeletons,  containing  many  rarities.  Other  sources 
of  fishes  than  those  above  referred  to  were  Japan,  Fanning  Island, 
the  Philippines,  Panama,  and  California;  and  of  insects,  the  Bahama 
Islands,  Florida,  the  southwestern  and  western  States,  and  Alualtft, 
besides  which  important  series  in  sevra^l  groups  of  insects  of  eco- 
nomic importance  were  among  the  ccmtributions.  The  division  of 
mollusks  received  as  gifts  the  important  collection  of  the  late  Prof. 
F.  W.  Bryant,  of  Lakeside,  Cal.;  about  3,000  specimens  obtained  by 
Mr.  John  B.  Henderson,  jr.,  during  a  dredging  expedition  to  the  vi- 
cinity of  Chincoteague,  Va.,  and  many  other  valuable  donations.  The 
marine  invertebrates  from  the  Bureau  of  Fisheries  consisted  chiefly 
of  mat^al  in  several  groups  which  had  bem  tbe  subject  of  study 
and  report.  About  100  species  of  rotifers,  mounted  on  slides,  were 
pree^ited  by  Mr.  H.  K.  Harring,  and  numerous  more  or  less  impor- 
tant collectiona  were  received  from  various  sources.  The  additions  to 
tbe  herbarium  comprised  over  10,000  specimens,  mainly  of  grasses, 
from  the  Department  of  Agriculture,  resulting  from  recent  field 
work;  about  3,500  West  Indian  and  African  plants  &om  the  New  . 


40  ANNUAL  HBPOBT  BMITHSONUM  INSTITUTION,  1914. 

York  Botanical  Garden;  nearly  1,600  Chinese  plants  from  the  collec- 
tion of  Mr.  E.  H.  WUson;  about  lOjOOO  specimrais  of  cryptogams 
collected  by  the  late  John  B.  Leiberg  and  presented  by  Mrs.  Leiberg; 
and  important  contributions  from  Venezuela,  Guam,  the  Philippines, 
and  the  southern  and  southwestern  States. 

Among  the  additions  in  geology  and  mineralogy  were  an  impor- 
tant series  of  rocks  and  ores  from  the  Sudbury  nickel  region  and  the 
Cobalt  mining  district  of  Canada;  a  suite  of  recently  described  min- 
erals from  Peru ;  a  200-pound  specimen  of  copper  from  Nevada ;  an 
unusual  deposit  of  camotite  in  a  fossil  tree  trunk;  a  large  piece  of 
quartz  vein,  containing  an  abundant  development  of  blade-like  crys- 
tals of  tungsten  ore ;  and  many  specimens  of  minerals  from  various 
sources,  including  rare  and  excellent  examples  and  some  new  forms. 
The  collections  of  meteorites  and  building  stones  received  many 
desirable  additions,  and  the  G^Iogical  Survey  deposited  a  number 
of  series  of  rocks,  of  petrological  value,  from  different  parts  of  this 
country  and  from  Hawaii.  The  accessions  in  invertebrate  paleon- 
tology included  about  150  types  of  Cambrian  fossils  collected  and 
described  by  Secretary  Walcott;  some  5,000  specimens  from  the 
Middle  Cambrian  of  British  Columbia,  also  collected  by  him;  and 
about  150  type  specimens  of  Bryozoa  and  Ostracoda,  representing 
work  of  the  curator  of  the  division  on  the  Silm-ian  collections  from 
the  island  of  Anticosti,  preserved  at  Yale  University.  The  Geolog- 
ical Survey  transferred  several  collections,  some  of  which  had  been 
described ;  Dr.  E.  O.  Ulrich  presented  about  3,000  Paleozoic  fossils, 
of  much  value  to  the  Museum;  and  an  important  series  of  Tertiary 
moUusks  and  Ordovician  graptolites  was  received  in  exchange  from 
Australia.  The  most  important  acquisitions  in  vertebrate  paleon- 
tology consisted  of  a  large  collection  made  by  Mr.  Charles  W.  Gil- 
more  in  the  Blackfeet  Indian  Beservation;  of  the  results  of  further 
explorations  by  Mr.  James  W.  Gidley  in  the  Pleistocene  cave  deposits 
near  Cumberland,  Md.;  and  of  cetacean  remains  collected  in  the 
Miocene  beds  near  Chesapeake  Beach,  Md.,  by  Mr.  William  Palmer 
and  Mr.  Norman  H.  Boss,  yhe  section  of  paleobotany  was  enriched 
by  three  valuable  type  collections  from  the  Geological  Survey,  rep- 
resenting the  Jurassic  formation  at  Cape  Lisbume,  Alaska;  the 
Tuscaloosa  formation  of  Alabama;  and  the  Cretaceous  and  Tertiary 
in  South  Carolina  and  Georgia. 

The  number  and  value  of  the  accessions  in  the  division  of  textiles 
were  greatly  increased  over  those  of  the  previous  year,  due  to  the 
appreciation  shown  by  the  prodncers  in  the  important  work  which 
the  Museum  has  undertaken.  Only  a  brief  summary  can  here  be 
given  of  the  many  contributions  which  were  almost  wholly  in  the 
form  of  gifts.  To  the  cotton  collection  were  added  fancy  wash 
dress  goods  and  shirtings,  comprising  pleasing  and  artistic  combina- 
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material  which  he  had  assembled  since  the  last  previous  transfer  in 
November,  1912.  This  collection,  ob  will  be  recalled,  relates  whoUj 
to  American  and  oriental  art,  and  ia  to  remain  in  the  possesEdon  of 
the  donor  during  his  life.  The  original  gift,  made  in  1906,  oxm.- 
tained  approximately  2,326  objects,  but  through  subsequent  contri- 
butiona  this  number  has  been  increased  to  1,701,  of  which  983  are 
examples  of  American  art  and  S,716  are  examples  of  oriental  art. 
These  may  be  summarized  as  follows: 

In  the  American  section  James  McNeill  Whistler  is  represented  by 
32  oil  paintings,  44  water  colors,  32  pastels,  and  798  drawings,  etch- 
ings, lithographs,  etc,  besides  1  album  of  sketehes,  88  original  copper 
plates,  and  the  entire  decorati<»t  of  the  famous  Peacock  Rocwa.  The 
remainder  of  this  section  is  composed  of  75  oil  paintings,  6  water 
colors,  25  pastels,  and  1  silver  point,  illustrating  the  work  of  9  other 
American  painters,  namely,  Thomas  Wilmer  Dewing,  Childe  Hassam, 
Winslow  Homer,  J.  Gari  Melchers,  John  Singer  Sargent,  Joseph 
London  Smith,  Abbott  Hando^on  Thayer,  Dwight  William  Tryon, 
and  John  Henry  Twachtman.  The  oriental  paintings  comprise  826 
screens,  panels,  kakemtmo,  and  makimono  from  Japan  and  China; 
82  albums  of  paintings  and  sketehes  from  the  same  countries;  and  13 
paintings  from  Tibet.  Of  oriental  pottery  there  are  1,665  pieces, 
mainly  from  Japan,  China,  Corea,  central  and  western  Ada,  and 
Egypt;  of  bronzes,  236  pieces,  of  which  over  200  came  from  China; 
of  stene  objecte,  including  sculptures,  234  pieces,  mainly  Chinese;  of 
wood  carvings,  17  pieces;  and  of  lacquered  objects,  31  pieces.  The 
collection  also  contains  over  600  pieces  of  andent  Egyfrfjan  glass  in 
the  form  of  bottles,  vases,  and  various  other  shapes,  besides  a  large 
number  of  miscellaneous  objects  fnnn  both  the  Far  and  Near  East. 

Other  permanent  additions  to  the  Gallery  consisted  of  3  paint- 
ings by  Miss  Clara  Taggart  MacChesney,  Guy  C.  Wiggins,  and  Addi- 
son T.  Millar,  respectively,  contributed  by  Mr.  William  T.  Evans,  of 
New  York;  a  painting  bj  Du  Bois  Fenelon  Hasbrouek,  presented  by 
Mr.  Frederic  Fairchild.  Sherman  in  memory  of  his  wife;  and  4 
paintings  by  Walter  Shirlaw  and  a  p(»i;rait  sketeh  of  him  by  Prank 
Duveneck,  received  as  a  gift  from  Mrs.  Shirlaw. 

The  loans  to  the  Gallery  aggregated  109  paintings  and  3  pieces  of 
sculpture  from  12  sourcea  Eighty-one  of  the  paintings  were  re- 
ceived for  2  special  exhibitions,  the  first  comprirang  25  portraits  in 
oil  from  the  National  Association  of  Portrait  Painters,  the  other 
consisting  of  56  marine  paintings  by  Mr.  WilUam  F.  H^sall,  of- 
Boston. 

MISCELLANEOUS. 

It  is  gratifying  to  announce  a  bequest  by  the  late  Bev.  Dr.  Leander 
Trowbridge  Chaniberiain,  an  honorary  associate  of  the  Museum, 
of  the  sum  of  $86,000,  to  be  known  as  the  Frances  Lea  Chamberlain 
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the  section  of  the  library  relating  to  the  arts  and  industries,  whidi 
occupies  the  former  library  quarters  in  the  older  Museum  building. 

The  auditorium  and  other  rooms  in  the  new  building  were  fre- 
quently used  for  meetings  and  public  gatherings  having  objects 
akin  to  those  of  the  Institution,  and  also  by  several  bureaus  of  the 
Government  for  ofEcial  purposes.  The  regular  meetings  of  the 
Washington  Society  of  the  Fine  Arts  and  the  Anthropological  So- 
ciety of  Washington  were  held  here,  as  were  the  public  sessions  of  the 
annual  meeting  of  the  National  Academy  of  Sciences  and  the  meet- 
ings of  the  Spanish-American  Atheneum  and  the  American  Orni- 
thologists' Union.  Lectures  were  delivered  under  the  auspices  of  the 
Washington  Academy  of  Sciences,  the  Medical  Society  of  the  Dis- 
trict of  Columbia,  the  Washington  Society  of  Engineers,  the  Greorge 
Washington  University,  the  Washington  Society  of  the  Archseo- 
logical  Institute  of  America,  the  Germanistic  Society  of  Washington, 
the  Columbia  Chapter  of  the  Daughters  of  the  American  Revolution, 
the  District  of  Columbia  Chapter  of  the  Guild  of  American  Organ- 
ists and  other  musical  societies,  and  the  Home  Club  of  the  Depart- 
ment of  the  Interior.  A  special  program  of  American  music  was 
also  rendered  by  the  Friday  Morning  Music  Club.  Of  three  con- 
gresses, one  held  in  Chicago,  the  others  in  Washington,  each  had  a 
special  meeting  in  the  auditorium  for  addresses  by  distinguished 
persons.  These  were  the  Third  International  Congress  of  Refrigera- 
tion, the  fourth  annual  meeting  of  the  American  Association  for 
Study  and  Prevention  of  Infant  Mortality,  and  the  Third  Interna- 
tional Congress  on  the  Welfare  of  the  Child.  On  April  18,  1914,  a 
reception  to  the  Daughters  of  the  American  Revolution  was  given 
by  the  Secretary  of  the  Institution. 

The  accommodations  afforded  by  the  new  building  were  utilized  on 
numerous  occasions  by  bureaus  of  the  Department  of  Agriculture 
for  meetings,  conferences,  and  hearings,  including  a  series  of  lectures 
under  the  Bureau  of  Plant  Industry  and  a  conference  with  the  wool- 
growers,  accompanied  by  an  excellent  exhibition  of  wool  specimens, 
which  has  been  deposited  in  the  Museum.  A  meeting  of  the  Ameri- 
can Pomologica!  Society  in  conjunction  with  the  Eastern  Fruit 
Growers  Association,  the  Northern  Nut  Growers  Association,  and 
the  Society  for  Horticultural  Science,  held  in  November,  1913, 
brought  together  in  the  foyer  of  the  building  one  of  the  finest  exhi- 
bitions of  fruit  that  has  ever  been  displayed  in  this  country. 

Respectfully  submitted. 

Richard  Rathbun, 
AsaUtani  Secretary  in  Charffe  U.  S.  National  Mtuewn. 

Dr.  Charles  D.  Walcott, 

Secretary  of  the  Smithsonian  I-natitution. 
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EEPCHIT  ON  THE  BUREAU  OF  AMERICAN  ETHNOLOGY. 

Sib:  In  response  to  your  communication  dated  July  1,  I  have  the 
honor  to  present  the  following  report  on  the  operations  of  the  Bureau 
of  American  Ethnology  for  the  fiscal  year  ending  June  30, 1914,  con- 
ducted in  accordance  with  authority  granted  by  the  act  of  Congress 
approved  June  23,  1913,  making  appropriations  for  the  sundry  civil 
expenses  of  the  Govenmient,  and  with  a  plan  of  operations  submitted 
by  the  ethnologist-in-charge  and  approved  by  the  Secretary  of  the 
Smithsonian  Institution.  The  provision  of  the  act  authorizing  the 
researches  of  the  Bureau  of  American  Ethnology  is  as  follows : 

American  ethnology :  For  ixiDtlnnIng  etbnolt^cal  researcties  amoDg  the  Amer- 
ican Indiana  and  tbe  natlTea  of  Hawaii,  Indudlng  tbe  ezcaTadon  and  preaerra- 
tion  of  arclueologlc  remains,  under  tbe  direction  of  tbe  Smltbsonlan  InBtitutlon, 
tncladlng  saluiiea  or  compensation  of  all  necessary  employees  and  tbe  purcbase 
of  neceeaary  books  and  perlodlcala,  Including  payment  In  advance  for  aubscrlp- 
tlon^  ^2J000. 

STSTEMATIO  RESEARCHES. 

The  systematic  reeenrches  were  conducted  by  the  regular  staff  of 
the  bnreau,  consisting  of  nine  ethnologii^,  including  the  ethnologist- 
in-charge  and  several  special  investigators.  These  operations  may 
be  sommarized  as  follows: 

Mr.  F.  W.  Hodge,  ethnologist-in-charge,  was  occupied  during  most 
of  the  year  with  the  administrative  affairs  of  the  bureau.  Consider- 
able attention,  however,  was  devoted  to  the  preparation  of  t^e  anno- 
tated bibliography  of  the  Pueblo  Indians,  which  is  probably  more 
extensive  than  that  of  any  other  group  of  tribes,  as  Pueblo  written 
history  commenced  in  the  year  1539,  and  the  writings  pertaining 
ther^  are  exceedingly  voluminous.  Tbe  bibliography  is  recorded 
on  cards,  the  number  of  which  is  now  abont  1,900.  The  cataloguing 
of  the  vast  amount  of  manuscript  material  bearing  on  the  subject 
has  been  somewhat  simplified  by  the  recent  publication  of  Bolton's 
Guide  to  Materials  for  the  History  of  the  United  States  in  the 
Principal  Archives  of.  Mexico,  published  by  the  Carnegie  Institu- 
tion of  Washington,  and  Twitchell's  Spanish  Archives  of  New 
Mexico,  although  without  consultation  of  the  documents  themselves 
it  is  not  possible  to  give  more  than  the  title  in  most  cases.    In  tiie 
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Spring  Mr.  Hodge  made  a  brief  visit  to  the  library  of  the  Presby- 
terian Board  of  Home  Missions  in  Kew  York  City,  where  he  was 
enabled  to  record  the  titles  of  numerous  published  writings  on  mis- 
sionary efforts  among  the  Pueblo  Indians  of  New  Mexico,  not  acces- 
sible elsewhere.  In  this  bibliographical  work  he  has  had  the  assist- 
ance of  Mrs.  Frances  S.  Nichols  and  Miss  Florence  M.  Poast  Mr. 
Hodge  continued  to  represent  the  bureau  on  the  Smithsonian  Ad- 
visory Committee  on  Printing  and  Publication,  atad  the  Smithsonian 
Institution  on  the  United  States  Board  on  Geographic  Names. 

Early  in  the  autumn  of  1913  Mr.  Hodge  made  a  reconnoissanoe  of 
a  group  of  ruins,  evidently  prehistoric,  on  a  mesa  rising  from  the 
southwestern  margin  of  the  Cebollita  Yalley,  abont  20  miles  south  of 
Grant,  Valencia  County,  N.  Mex.,  and  only  a  few  yards  from  the 
great  lava  flow  that  has  spread  over  the  valley  to  the  westward  for 
many  miles.  While  no  very  definite  information  regarding  the  origin 
of  this  ruined  pueblo  has  yet  been  obtained,  there  is  reason  to  suppose 
that  it  was  occupied  by  ancestors  of  the  Tanyi,  or  Calabash,  clan  of 
the  Acoma  tribe,  and  is  possibly  the  one  known  to  them  at  Kowina. 

These  ruins  consist  of  a  number  of  house  groups  forming  a  com- 
pound. That  the  structures  were  designed  for  defense  is  evident,  for 
not  only  are  they  situated  on  an  almost  impregnable  height  rising 
about  200  feet  above  the  valley,  but  the  houses  themselves  partake  of 
the  form  of  fortifications,  while  the  only  vulnerable  point  of  the 
mesa  is  protected  at  the  rim  by  means  of  a  rude  breastwork  of  stones. 
Moreover,  the  outer  walls  of  the  buildings,  some  of  which  still  stand 
to  a  height  of  several  feet,  are  pierced  only  with  loopholes,  entrance 
to  the  structures  doubtless  having  been  gained  by  means  of  portable 
ladders,  as  in  some  of  the  pueblos  of  to-day.  The  houses  of  the  great 
compound,  consisting  of  four  compact  groups  of  buildings,  were  evi- 
dently "  terraced  "  on  the  plaza  side,  the  rooms  facing  this  court  per- 
haps having  been  only  a  single  story  in  height.  As  a  further  protec- 
tion to  the  pueblo,  the  eastern  side  was  defended  by  a  low  wall, 
pierced  by  three  gatewaylike  openings,  extending  from  the  north- 
eastern to  the  southeastern  comer  of  tiie  compound. 

The  rooms  indicated  in  the  ground  plan  of  the  four  house  groups 
number  approximately  95  (for  the  northern  group),  58  (eastern 
group),  32  (central  group),  and  102  (southeastern  group),  or  an 
aggregate  of  287  rooms.  At  the  time  of  its  occupancy  the  number  of 
rooms  in  the  compound  probably  approximated  660.  In  addition, 
there  are  traces  of  four  or  five  single-story  rooms  abutting  <m  the  de- 
fensive wall  bounding  the  northeastern  part  of  the  compound.  A 
short  distance  from  the  southwestem  angle  of  the  southwestern  houae 
group  are  two  smaller  detached  houses,  the  southernmost  one  con- 
sisting of  24  rooms  in  a  long  tier,  2  ro<»ns  deep,  extending  approxi- 
mately NNW.  and  SSE.    The  other  structure,  about  65  feet  nortfa- 
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wcetwtrd,  is  rectangular  and  contains  11  rooms  in  ite  ground  plan. 
Four  kivas  are  traceable  among  the  rooms  of  the  main  compound — 
ODB  in  the  northwestern,  one  in  the  central,  and  two  in  the  aouthwest- 
em  group.  In  each  case,  so  fat  as  is  determinable  without  excavation, 
the  outer  walls  of  the  kivas  are  rectangular,  while  the  inner  walls  are 
circular  and  sli^tly  recessed  a  short  distance  above  the  floor. 

About  500  feet  southeastward  from  the  main  compound,  at  the 
edge  of  the  mesa,  stand  the  well-preserved  walls  of  another  structure, 
consi^ing  of  a  doable  row  of  rooms,  the  outer  wall,  or  that  over- 
looking the  mesa  rim,  extending  28  and  15  feet,  respectively,  beyond 
the  northwestern  and  southwestern  cc^ners  of  the  building  proper,  in 
order  to  give  fnrUier  protection.  The  length  of  this  outer  wall  from 
angle  to  angle  is  about  132  feet.  It  exhibits  one  of  the  finest  ex- 
amples of  masonry  to  be  seen  in  the  ancient  pueblo  ruins  of  the 
Southwest,  for  not  only  have  the  building  stones  been  dressed  to 
diape,  but  their  faces  have  been  finished  by  pecking,  with  such  labor 
as  to  confirm  the  belief  that  the  ancient  village  was  designed  for 
permanent  occupancy.  The  southern  comer  of  the  outer  defensive ' 
wall  is  not  only  curved,  but  the  stones  of  which  it  is  built  are  rounded 
by  careful  pecking,  a  moet  unusual  feature  in  pueblo  architecture. 
That  this  last  structure  was  designed  to  protect  the  most  vulnerable 
part  of  the  mesa  is  evident  from  the  fact  that  the  outer  wall  is  with- 
out openings  of  any  kind  and  extends  beyond  the  rooms  of  the  struc- 
ture, and  because  the  adjacent  mesa  rim  is  protected  by  a  rude  low 
wall,  especially  at  suc^  points  as  required  ready  defense  against 
attack  from  below.  As  already  noted,  the  walls  of  these  ruins  are 
noteworthy  by  reason  of  the  excellence  of  their  masonry,  special 
effort  having  been  made  to  produce  s  pleasing  effect  in  the  exterior 
facts.  Of  the  inner  walls  so  much  can  not  be  said;  but  as  there  is 
no  question  tbat  when  the  houses  were  occupied  the  rooms  were 
smoothly  plastered,  there  was  little  need  of  the  elaborate  finish  ac- 
corded the  exposed  masonry.  Slight  attention  was  paid  either  to 
regularity  in  the  shape  of  the  stones  or  to  smoothness  of  surface  in 
building  the  inner  walls,  nor  was  the  aboriginal  mason  more  par- 
ticular in  bmding  the  inner  and  outer  courses  than  in  "breaking'' 
the  joints  of  the  outer  face.  It  seems  remarkable  that,  possessed  of 
such  patience  and  expertneas  as  the  builders  here  display  in  otiier 
ways,  tiiey  seem  to  have  been  unaware  of  the  necessity  of  avoiding 
the  construction  of  tiieir  walls  in  such  manner  tiiat  in  places  as  many 
08  six  or  seven  vertical  joints  occur  practically  in  line.  In  this  brief 
report  only  mere  m^ition  can  be  made  of  many  other  interesting 
architectural  features  of  these  ruins,  as  well  as  of  another  pueblo 
rain,  more  or  less  circular  in  ^ape,  sitiuted  a  few  miles  northeast* 
ward  on  a  low  mesa  at  the  extreme  head  of  CeboUita*  Valley,  which 
here  tocma  a  small  but  beautiful  canyon. 
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The  inhabitante  of  the  great  compound  first  described  obtained 
their  water  supply  by  meanfl  of  two  principal  reeervoirs  fed  by  ^e 
drsioage  from  the  great  sandstone  shelf  on  the  southern  Elope  of  the 
mesa  summit.  These  reservoirs  are  natural  depressicms  in  the  rock, 
but  the  capacity  of  the  larger  one,  which  measores  3S  by  90  feet  and 
is  about  5  feet  in  maximum  depth,  has  been  greatly  augmented  on 
the  western  side  by  an  artificial  retaining  wall  14  feet  long  and  10 
feet  in  thickness,  with  an  exposed  face  of  2|  feet  oa  the  reeervoir  side. 
So  well  did  this  reservoir  evidently  serve  the  ancient  mesa-dweUers, 
that,  during  seasons  of  unusual  rain,  water  still  stands  to  a  consider- 
able depth  within  the  depression.  The  smaller  reservoir  is  triangular 
in  outline  and  measures  about  15  by  19  feet.  An  interesting  feature 
in  connection  with  the  larger  reservoir  is  the  remains  of  a  rude  dike 
extending  60  feet  along  the  rocky  shelf  almve  referred  to,  built  for  the 
purpose  of  diverting  the  fiow  of  rain  water  from  ita  natural  course 
into  the  reservoir. 

It  is  not  yet  known  where  the  ancients  of  this  pueblo  customarily 
buried  their  dead,  but  probably  the  interments  were  made  in  the 
talus  of  the  mesa,  as  is  the  case  with  the  Hopi,  of  Arizona,  to-day. 
There  was  found,  however,  in  the  comer  of  a  shallow  carem  in  the 
northern  f&ix  of  the  meea,  above  the  talus,  a  small  cist,  formed  by 
a  low  and  broken  wall  of  masonry,  which  contained  the  somewhat 
incomplete  skeletons  of  two  adult  females,  (me  incomplete  skeleton 
of  a  boy,  and  the  incomplete  and  defective  s^letons  of  two  infants. 
With  one  exception  theee  mnains  had  been  greatly  disturbed  by 
rate,  which  had  burrowed  their  way  through  the  Ixmes  and  their 
accompaniments  to  the  bottom  of  the  cist  and  fairly  filled  the  re- 
pository with  cactus  spines,  excreta,  and  other  debris  of  nest  build- 
ing. The  remains  were  accompanied  with  several  pottery  vessels, 
chiefly  bowls,  one  of  which  was  covered  with  a  well-preserved  mat, 
plaited  of  a  fibrous  plant  which  Mr.  Lyster  H.  Dewey,  of  toe  De- 
partment of  Agriculture,  identifies  as  a  scirpus,  and  almost  cer- 
tainly Scirpua  validus.  The  ornamentation  of  this  pottery,  as  well 
as  of  the  numerous  sherds  scattered  about  the  ruins,  consists  of 
plain  red,  black  on  red,  white  on  red,  plain  black,  black  on  white, 
brown  on  white,  brown  on  red,  and  many  other  combinations  of 
color.    All  the  decorations  noted  were  in  geometrical  designs. 

On  the  northern  face  of  the  mesa,  but  practically  hidden  from 
view  except  from  one  point  in  the  valley  below,  is  a  small  house 
shelter  of  excellent  masonry,  built  beneath  an  overhanging  ledge 
of  the  cliff  which  forms  the  roof.  This  shelter,  which  is  provided 
with  a  single  small  opening  overlooking  the  valley  to  the  northward, 
was  seemingly  designed  as  a  lookout  station  either  for  watching  the 
crops  or  an  approaching  foe.  Across  the  valley,  on  the  eastern  side 
of  the  first  great  mesa  directly  opposite  that  on  which  the  ruins  are 


j,Goo>^lc 


j,Goo>^lc 


j,Goo>^lc 


j,Goo>^lc 


j,Goo>^lc 


54  ANNUAL  BEPOBT  SHlrHSONlAN  INSTITUTION,  1914. 

of  the  Omaha,  Pfoica,  Oto,  and  Pawnee  tribes,  differing  only  in 
minor  details.  To  the  intelligent  thinking  class  the  aims  and  pur- 
poses of  the  ceremony  are  clear,  but  there  are  among  the  Osage,  as 
among  other  tribes,  those  who  can  not  comprehend  fully  the  deeper, 
broader  teachings  of  such  a  rite,  and  because  of  this  restricted  view 
superstitious  beliefs  regarding  it  now  prevail  among  the  lower 
classes. 

The  record  of  the  Wad6ka  Weko,  one  of  the  seven  war  ceremonies, 
consists  of  89  pages  of  manuscript,  witii  32  songs.  This  rite,  which 
is  the  sixth  degree  of  the  war  ceremony,  is  divided  into  eight  parts, 
exclusive  of  the  introductory  rites,  and  consists  of  rituals  and  scmgs 
pertaining  to  the  ceremonial  cutting  of  the  scalps  for  distribution 
among  the  various  gentes  for  their  sacred  packs.  One  of  these  parts 
has  to  do  with  the  odo",  or  "  honors,"  won  by  the  warriors  in  Imttle. 
While  this  ceremony  is  recorded  completely,  it  is  not  yet  ready  for 
publication,  since  it  is  one  of  seven  interdependent  degrees  the  study 
of  which  is  not  yet  finished. 

Wazhi°gao,  the  bird  ceremony  for  boys,  is  anodier  of  the  seven 
degrees,  and  is  regarded  as  important.  It  has  been  transcribed  in 
fuU,  but  the  notes  thereon  have  not  yet  been  elaborated  for  publica- 
tion. 

Zhi'>g&zhi°ga  Zhazhe  Thadse  (naming  of  a  child),  a  ceremony  that 
bears  no  direct  relation  to  any  other,  is  regarded  as  essential  to  the 
proper  rearing  of  a  child,  and  is  still  practiced.  This  ceremony  has 
been  recorded  in  its  entirety,  but  still  lacks  the  descriptive  annotation 
necessary  before  publication. 

The  W^xthexthe,  or  tattooing  ceremony,  the  last  of  the  five  re- 
corded by  Mr.  La  Flesche,  was  taken  down  from  its  recitation  by  one 
of  the  men  who  had  participated  therein.  This  transcription  is  still, 
in  a  measure,  fragmentary,  but  enough  has  been  obtained  to  render 
a  fair  idea  of  the  significance  of  the  tattoo  designs  employed.  The 
notes  on  the  Wexthexthe  are  not  yet  prepared  for  publication,  as 
there  is  still  a  possibility  of  recording  the  ceremony  in  its  entirety. 
A  set  of  the  implements  used  by  the  Osage  in  tattooing  have  be^ 
obtained  for  illustration  and  have  been  deposited  in  the  National 
Museum.  There  has  also  been  placed  in  the  museum  a  waxdbetd°ga, 
or  great  sacred  pack,  which  once  belonged  to  Wa5eto"zhi''ga,  a  promi- 
nent man  of  the  tribe,  who  died  in  1910.  After  much  persuasion 
his  widow  reluctantly  consented  to  part  with  this  sacred  article,  to- 
gether with  its  buffalo-hair  and  rush-mat  cases.  This  pack  consists 
of  the  skin  and  plumage  of  a  white  pelican,  the  bird  which  in  Osage 
mythology  revealed  through  a  dream  the  mysteries  of  tattooing  and 
provided  the  implements  therefor. 

All  the  above-described  ceremonies  studied  by  Mr.  La  Flesche  have 
still  a  strong  hold  on  the  Osage  people ;  this,  together  with  Uie  fact 
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orai-y  philologist  of  the  bureau,  on  oiertain  mooted  points  pertaining 
to  tlie  Fox  language.  While  in  New  York  a  few  tracings  were  made 
with  the  Boiisselot  apparatus. 

In  May  Dr.  Michelson  again  riated  Ca^'lisle  for  the  purpose  of 
making  a  tranBlation  of  the  story  of  a  sacred  bundle  of  the  Fox 
Indians,  which  he  has  recently  procured. 

Toward  the  end  of  the  fiscal  ye^r  Dr.  Michelson  devoted  some  time 
to  the  problem  whether  the  Yurok  and  Wiyot  languages  of  California 
were  Algonquian,  as  had  been  recently  claimed,  and  reached  the  ex- 
clusion tiiat  the  existing  evidence  does  not  justify  such  a  classification. 

Work  on  the  Handbook  of  American  Indian  Languages  was  con- 
tinued under  the  persona)  direction  and  editorship  of  Dr.  Franz 
Boas,  honorary  philologist.  Part  2,  which  is  in  preparati<Hi,  is  to 
contain  grammaticat  sketches  of  the  Takelma,  Coos,  Siuslaw,  and 
Alsea  languages  of  Oregon;  the  Kutenai,  of  Montana;  and  the 
Chukchee.  The  Takelma  sketch  was  published  in  advance  in  sepa- 
rate form  in  1912.  During  the  present  year  the  printing  of  the 
sketch  of  the  Coos,  by  Leo  J.  Frachtenberg,  which  forms  pagea 
297-429  of  part  2,  was  finished.  The  mauoscript  of  the  Siuslaw, 
also  by  Dr.  Frachtenberg,  was  completed  and  revised,  and,  except  for 
a  small  part,  is  in  galley  form.  The  Chukchee  fikebch  likewise  has 
been  set  up  in  galleys  and  revised,  and  n«w  material  on  the  dialects  of 
the  language,  having  become  available,  has  been  added.  The  print- 
ing of  the  sketch  proceeded  necessarily  slowly,  since  the  notes  had  to 
be  read  by  the  author,  Mr.  Waldemar  Bogoras,  who  lives  in  Bussia.  A 
full  treatment  of  this  grammar  is  particularly  desirable,  mnce  it 
serves  to  define  the  relation^iips  of  the  American  languages  toward 
the  west.  Dr.  Frachtenberg,  a  fuller  report  of  whose  w<H:k  will 
follow,  has  made  progress  with  his  studies  of  the  AJsea.  llie  grun* 
matical  material  and  the  texts  have  been  extracted  and  studied,  and 
the  latter,  which  are  to  form  the  baeos  of  the  sketch,  have  been  copied 
for  the  printer.  Dr.  A.  F.  Chamberlain,  a  valued  ccdiaborator,  whose 
untimely  death  we  lament,  furnished  a  sketch  of  the  Kutenai  lan- 
guage. It  was  necessary  to  make  a  detailed  study  of  this  sketdi. 
This  was  done  by  Dr.  Boas  partly  during  the  winter  in  New  York 
with  the  help  of  a  Kutenai  boy  and  partly  during  the  moi^h  of  June 
among  the  Indians  of  Montana  and  Britifh  Columbia.  The  report  on 
this  sketch  was  completed.  A  certain  amount  of  preparatory  work 
for  the  sketch  of  the  Sali^  language  was  also  done,  more  particu- 
larly a  map  showing  the  distribution  of  the  Salidi  dialect,  based  on 
researches  by  James  Teit,  was  c<»npleted.  The  expense  of  the  field 
work  for  this  map,  which  has  occupied  four  years,  was  met  by  Mr. 
Homer  E.  Sargent,  of  Chicago,  to  whose  lii%Iy  interest  in  the  Hand- 
book and  related  subjects  we  are  deeply  indebted.  The  vocabularies 
on  which  the  map  is  haaed  are  in.^i  advanced  stage  of -preparatiui. 
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and  main  floor  of  the  western  end  of  the  hall  and  the  eastern  galleries 
were  demolished.  Although  this  work  of  removal  occupied  two 
weeks,  it  was  done  without  confusion  and  practically  without  cessa- 
tion of  the  library's  activities.  The  new  stacks  were  in  process  of 
erectioB  hefore  the  close  of  the  fiscal  year. 

COLLECtlONB. 

The  following  collections  were  acquired  by  the  bureau  or  by  mem-   ' 
bers  of  its  staff,  and,  having  served  the  purpose  of  study,  were  trans- 
ferred to  the  National  Museum,  as  required  by  law : 
Eigbt  fragmratH  of  ancient  British  potterr-    Gift  to  tbe  burean  hj  Rev.  Robert 

C.  NlshtJngBle,  Swaffam.  Norfolk,  Eo^and.     (55730.) 
Fotsberds,  fragmaits  of  baman  bone«^  and  three  beads.    Gift  to  the  bnreaa  by 

Mra.  Brace  Befd,  Port  Arthur,  Tex.     (55758.) 
Parts  of  Ave  skeletons  {three  complete  sknllB  and  fragmenta  of  two  skolls)  from 
a  barlal  clat  in  a  care  atwnt  20  miles  south  of  Grant,  N.  M«.    Collected  by 
F.  W.  Hodge,  Bureau  of  American  Ethnology.     (S6134.) 
Thirty-one  ethnological  objects  from  the  Cherokee  and  Catawba  Indiana    Col- 
lected by  James  Hooney,  Bureau  of  American  Bthnolc^.    (SBS12.) 
Six  photographs  of  Aitec  antiqnlties.    Purchased  from  W.  W.  Blake,  (Sty  of 

Uexlca     (GG600.) 
Stone  pliaUns  from  Mesa  Verde,  Colo.    Gift  to  the  bureau  by  H.  0.  Lay,  Telia- 
ride.  Colo.     (56719.) 
Arrow  point  found  on  the  north  fork  of  Boanoke  River,  about  3  miles  from 
BUcfcibnig.  Va.    Gift  to  the  bnreen  by  Pro!  Otto  C.  Burfchart,  Virginia 
Polytechnic  InsUtoM,  Blackaburg,  Va.    <Wa70.) 

PROPERTY. 
The  principal  property  of  the  bureau  consists  of  its  library,  com- 
prising approximately  35,000  books  and  pamphlets,  a  large  collection 
of  manuscripts  for  reference  or  in  process  of  preparation  for  publi- 
cation, and  several  thousand  photographic  ne^tives.  With  the 
exception  of  a  portion  of  the  library,  this  material  could  not  he 
duplicated.  In  addition,  the  bureau  possesses  a  photostat  apparatus 
with  electric-light  equipment,  several  cameras,  dictagraphs,  and  other 
appliances  for  use  in  conducting  scientifii:  research  in  the  field  and 
the  office,  necessary  office  furniture  and  equipment,  and  a  limited  sup- 
ply of  stationery,  supplies,  etc.  Also  under  control  of  the  bureau, 
but  in  immediate  custody  of  the  Public  Printer,  as  required  by  law, 
is  a  stock  of  numerous  publications,  chiefly  annual  reports  and 
bulletins. 

MI3CELLANEX)L'S. 
Quarters. — ^The  only  improvements  made  in  the  quarters  occupied 
by  the  bureau  in  the  Smithsonian  building,  as  set  forth  in  the  last 
report,  have  been  those  incident  to  the  reconstruction  of  the  library 
and  the  fireproofing  of  the  manuscript  room,  above  alluded  to,  and 
the  painting  of  the  walls  of  four  rooms,  made  necessary  partly  by 
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AlTENDIX  3. 
REPORT  ON  THE  INTERNATIONAL  EXCHANGES. 

Sm:  I  have  the  honor  to  snbmit  the  following  report  on  the  opera- 
tions of  the  International  Exchange  Service  daring  the  fiscal  year 
ending  June  30, 1914 : 

The  congressional  appropriation  for  the  support  of  the  seirice 
during  the  year,  including  the  allotment  for  printing  and  binding, 
was  $32,200  (the  same  amount  as  appropriated  for  the  past  six 
years),  and  the  repayments  from  private  and  departmental  sources 
for  services  rendered  aggregated  $5,264.18,  making  the  total  available 
resources  for  carrying  on  the  exchange  system  $37,464.18. 

During  the  year  1914  the  total  number  of  packages  handled  was 
S41,667,  an  increase  of  3,046  as  compared  with  the  preceding  year. 
The  weight  of  these  packages  was  566,985  pounds,  a  decrease  of 
26,984  pounds. 

The  number  and  weight  of  the  packagee  of  different  classes  are 
indicated  in  the  following  table: 


PacbgB. 

WdRhl, 

Sent. 

RanlTod. 

Brat. 

B«iv«.. 

!»,«> 

Pcund,. 

P«IUl>. 

J,10» 

n,ax 

iM.ise 

' 

g,»4 

«,8M 

130,  SZ4 

' 

38,01 

IIJ,S11 

xa.m 

«,sa8 

U(,<81 

' 

Onndloul 

MIIWT 

566  M^ 

In  April,  1914,  the  American-Chinese  Publication  Exchange  De- 
partment of  the  Shanghai  Bureau  of  Foreign  Affairs,  which  was 
designated  a  few  years  ago  by  the  Chinese  Government  as  the 
depository  of  the  set  of  United  States  governmental  documents 
Gent  to  that  Government,  signified  its  willingness  to  accept  pack- 
ages for  miscellaneous  addressee  throughout  the  Chinese  Republic 
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Coiutgiuneitts  of  eachangea  for  foreign  coim$rie« — ContintMd. 


CooDtry. 

SCS 

DataoltrassBbdoD. 

44B 

7 

19 

SO 

86 
S4 

s 

3 
IS 

s 

T 
S 

u 

31 

S 
13 

July  10,  OM.  B,  Not.  3S,  IBIS;  Fab.  4,  Ifar.  T,'  Iby  H,  lona  31^  1914- 
Sept.  11,  Oct. IS,  NoT.»,  Daa.  M,  1913;  Jan.  a.  Fab.  H,  Apr.  1,  », 

JaiiaI0,l»U. 
Jaly  10,  81,  Ani.  14,  38,  8W-  »,  Oct  8,  »,  Nor.  19,  Dao.  3,  34, 191* 

Jto.  14,  Fab.  4, 18,  Mar.  U,  Apr.  8,  Hay  «,  luna  10, 191*. 
Julyl,8,15,ll,»,10,An|.S.U,19.11,l»,8«pt.l,9,lB,»,10,  Oat 

7, 11. 11, 38.  Nov.  4, 11, 19.  as,  Dao.  3, 9.  Ifl, »,  30, 1913;  Jan.  (1. 13, 30k 

17.  Fab.  3, 10, 17, 34,  Kar.  1,  W,  17,  H, »,  Apr.  7, 14, »,  Itey  S,  IX  », 

Jona  1,16,33,10^1911. 
July  13, 18.  3S,  Ang.  i  8, 16, ».  3».  Sipt  6,  U,  »,  16,  Oet.  1,  Uli  17,  H 

Nov.  1.  7, 14,  B,  M.  Dae.  6,  I*  19, 37, 1911;  Jan.  3, 10, 17. 14, 11.  Feb. 

S,  13, 30, 17,  Mar  a,  11,  »,  3T,  Apr.  4, 11,  IS, »,  Kay  9, 9, »,  Jona  1, 

8,13,30,16,1011. 
July  33,  Auf.  33,  BapL  X,  Dot.  U,  Dae.  17, 1911;  Jan.  U,  Ibr.  7,  ICay 

16,JaMa3,19Il. 
July  30,  Oct.  6,  Not.  IS,  19U;  Fab.  4,  Mar.  7,  Itty  a,  Jnna  10, 1914. 
Sept.  31. 1913;  Jan.  13,  fab.  31,  Apr.  11,  ICay  0. 1911. 
Aii(.  38.  Not.  IS,  1913;  Feb.  S,  liar.  7.  Jmw  13;  1911. 
Inly  16,  Am.  13,  Sept.  17,  Nov.  11,  D«!.  ID,  19U;  Jan.  14.  Feb.  18,  Mar. 

IS,  Apr.  17,  Hay  19,  losa  17, 1914. 
July  11, 18,  36,  AD(.  1,  IS,  3^  Sept.  6,  30,  36,  0«.  10,  IT,  14,  Nov.  11, 

D.O.  S,  11, 1013;  Jan.  3, 10, 11,  Fab.  fl,  11.  »i  »&r.  S,  11, 30, »,  ipr.  U, 

35,  Hay  1, 33,  Jnne  e,  10, »,  1911. 
Aug.  7,  Sqit.  11, 17,  Got.  U,  U,  Nov.*.  39,  Deo.  to,  UU;  Jan.  33,  Fab.  n. 

War.  7,  Apr.  38,  Jdw  30, 1*14. 

Ouit  Buun  iin> 

Joly  34,  Aof.  n,  BeptJt,  Oct.  31,  Not.  3S,  Dee.  10,1911;  Jan.  37,  Fab.  H 

Apr.  38.  Jonas,  1911. 
AU|.  17,  Del.  11,  IMS;  Feb.  7,  Jona  i:^  1914. 
July  31,  Oct.  31,  Nov. »,  1913;  Uar.  T,  Hay  14, 1914. 
Am.  17,  Dec  17, 1911;  Jnoa  18. 1914. 
Sept.  31, 1013;  Ian.  11,  Feb.  M,  Apr.  14,  Iby  13, 1914. 

Dm.  17, 1911;  Jona  IS,  IMl. 

iQly  IS,  Ao(.  S,  36,  Sept.  a.  Oct.  14,  M,  Nov.  18,  Dee.  16, 1M3;  Jan. «, 

Feb  3,  H,  H«.  34,  Apr.  31,  Hay  11,  Jane  0, 1914. 
Jan.  S,  lone  30, 1914. 
Joly  14, Ang, 30, Bept-M, 004.33, Not. M, Decs.  191*  Jan.W,FebJS, 

Har.  IS,  Hay  7,  Jane  13, 1914. 
Joly  W,  Ang.  as  Bepl  IS,  Oct.  33,  Not.  »,  Dec.  B,  1911;  Jan.»,  Fab.  IS, 

Uar.  37,  Hay  7,  Jnna  16,1911. 
Aag.  38.  Not.  U,  lOU;  Fab.  i.  Her.  7,  Jnna  0, 1911. 
July  13,  Adc  19,  Sqit.  3t,  Oct.  U,  Not.  19,  Dec.  10, 19111  An.  10,  Feb.  a, 

Har.  3S,  Apr.  W,  Itty  38,  Jon.  3S,  1914. 
Sapt.  33,  lOU;  Jan.  11.  Fab.  H.  Apr.  14,  Hay  11, 1911. 
Sept.  30, 1911. 

AaB.».N«T.UCI*U;  Fab.  4,  M^  U,  lone  10. 1914. 
Joly  a,  Aac  5t^  Satt-W,  Oct.  37.  Not.  ».  1913;  Jan.  30,  Feb.  17, Jone4. 

1911. 
Jiilyll,Ang.l9,ee«t.S,ODt.tl.Nav.U,D<o.lO,ieU;  )u.lO,F«b.Sl, 

Har.  as,  Apr.  34,  Hay  X,  June  IS,  1914. 
Sept.  1^  1913;  Jan.  11.  Fob.  SI,  Apr.  14,  Hay  U.  1914. 
miy  14,  Ang.  »,8apt.  IS,  Oet.  a,N«.lS,  Dae.  3^  UU;  J«i.»,  Feb.  3». 

Ibt.  17,  Maj  7,  lone  16, 1*14. 
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Spain  :  Servlcio  del  Oamblo  Intemaclonal  de  Fnbllcacionn,  Coerpo  Fseoltatlre 

de  ArchlTeroe,  BibllotecarloB  y  Arquetilogos,  Madrid. 
SwxDEii:  Euagllga  Blblloteket,  Stockholm 
SviTZEBiAnD :  Blblloth^ue  FM&rale,  Bemev 
TASUAinA:  Parltamoitar;  Library,  Hobart 
Tubkbt:  Department  of  Public  Instructlan,  OoDBtaDtliiopl& 
Umoif  OF  South  Apbka  :  State  library,  Pretoria,  Transvaal. 
nBTTOiTAT :  Oflclna  de  Canje  Intemaclonal  de  Pnbllcadones,  Monteyldeo. 
Vkhezuela:  Blblioteca  Nacional,  Caracas. 
TicroKu:  Public  Library,  Melbonme. 

Westebd  Axjstkaua  :  Public  Library  of  Western  Anstralla,  Pertb. 
WfiBTrEUBEBo :  KSnlglicbe  Landeablbllothek,  Stuttgart 

DD08ITOBIE8    OF    PABTI&I.    SETS. 

Alberta  :  Provincial  Library,  Edmonton. 

Aibace-Lorbaiite:  K.  Bftuisterlum  fUr  Eleass^Lotbrlngen,  Strassbnrg. 

BouTu:  MiulBterlo  de  ColoDizacICa  y  Agricultura,  La  Paz. 

Bbbmbn  :  Senatakommlsslon  f  lir  BelchB-  uud  Ausw&rtige  Angelegenhelten. 

BBrneH  OoLUUBtA:  LeglslaUTe  Library,  Victoria. 

BuTiSH  OriANA :  Government  Secretary's  Office,  Georgetown,  Demerara. 

BuuABiA :  Minister  of  Foreign  Affairs,  Sofia. 

Cktlon  :  United  States  Consul,  Colombo. 

EcDADOB :  Blblioteca  Nacional,  Quito. 

Egtft:  Blbllotbeque  KhMlvlale,  Cairo. 

FiEtLAim:  Cbancery  of  Oovemor,  Helslagfors. 

OtTATEiiALA:  Secretary  of  the  Government,  Gaatemala. 

Haububo  :  S^mtskommisBlon  fUr  die  Reictis-  uud  AuswUrtigen  Angel^enhelten. 

Hesse:  GroBsbersogllche  Eof-Blbllotbek,  Darmstadt. 

HoHDUKAS :  Secretary  of  tbe  Government,  Tegucigalpa. 

Jamaica  :  Colonial  Secretary,  Kingston. 

LiBEBiA :  Department  of  State,  Monrovia. 

LoDBER^  Mab<itiez:  Government  Library,  Lourenco  Marquez. 

LttBECB: :  President  of  tbe  Senata 

Madbas,  Pbovihoe  op:  Cblef  Secretary  to  the  Government  of  Madras,  Public 
Department,  Madras. 

Malta:  Lieutenant  Governor,  Taletta. 

MoNTBHEOBO :  MlnlstSre  des  ACFalres  ^trangdres,  Cetlnje. 

New  Bburswice:  Legislative  Library,  Frederlcton. 

NBWFonitDLARD :  Colonial  Secretary,  St.  John'a 

NiOABAouA :  Saperliit«adente  de  Archivos  Nadonales,  Maaagna. 

NOBTEWEST  Tebbitoeieb:  Govemmeat  Library,  Regloa. 

Nova  Sootia  :  Provincial  Secretary  of  Nova  ScoUa,  Halifax. 

Fakama  :  Secretarta  de  Relaclones  Xlxterlores,  Panama. 

Pabaqitat;  OQclna  General  de  Inmlgradon.  Asuncion. 

Pbince  Edwabd  Island  :  Legislative  Library,  Gharlottatown. 

BoDUAHiA  :  Academla  Romana,  Bucharest 

Salvahob;  Minlsterlo  de  Relaclones  Esterlores,  San  Salvador. 

SiAU  :  Department  of  Foreign  Affairs.  Bangkok. 

Stbaitb  Sethsments:  Colonial  Secretary,  Singapore. 

United  Pbotiuces  of  Aoba  and  Ouvh  :  Undw  Secretary  to  QovcmmeDt,  Alla- 
habad. 

TmrNA :  Bllrgermelster  der  Hanpt-  and  Bealdeni-Stadt 
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IMTKRFABLIA  MHNTABI  EXCHANGE  OF  OFFICIAL  JOURNALS. 
A  list  of  the  countries  which  have  entered  into  interparliamentary 
exchange  of  official  journals  with  the  United  States  is  given  below: 


ArtatlneRepnbUc. 

Itoly. 

AartraUa. 

Liberia. 

Anstrlt. 

N«w8ontliWalaii. 

Bidea 

New  Zealand. 

Bdslnni. 

Portngal. 

BraxlL 

Prusala. 

Bdcdos  Aires,  ProTtnce  of. 

Qaeensland. 

CSMd*. 

BonDunla. 

CDba. 

RDSBla. 

Deamark. 

Senrla. 

Frsnce. 

Spain. 

Grest  Britain. 

Switzerland. 

Greece 

TnrasvaBl. 

Guatemala. 

Union  of  Soutb  Africa. 

HOTdUMB. 

Um^nay. 

BongaiT. 

Westeni  Aastralia. 

As  will  be  noted,  there  are  at  present  82  coontries  with  which  the 
immediate  exchange  is  conducted,  no  additions  having  been  made 
during  the  year. 

LIST  OP  BDEEAUa  OB  AQHNCIBS  THROUGH  WHICH  BXCHANGBS  ABB 

TRANSurrrED. 

The  foilowiiig  is  a  hsi,  of  the  bureaus  or  agencies  through  which 

exchanges  are  transmitted: 

AuEBU,  via  France. 

Ahoola,  via  PortDcal. 

Amevtiha:  OosilalAn  Protectora  de  BIbUotecas  Fopalares,  Beconqulsta  C3S, 
BoenoB  Alreai 

ArsTtu :  K.  E.  StatlstlBcbe  Zentral-Eommtnlon,  Vienna. 

AxauB,  via  PortngaL 

BELctnu :  Service  Beige  dea  ^changes  Internatlonauz,  Bue  des  Iiongs-Charlota 
4S,  Bmasets. 

Bolivia  :  Oflclna  Nacional  de  EMadfatlca,  I^  Paz. 

BiAZQ.:  Servico  de  PennatacOes  Internaclonaea,  Btbllotheca  Naclonal.  Bio  de 
Janeiro. 

BtmsH  Oonomsa :  Crown  Agents  for  tbe  Colonies,  London.* 

British  Gitiana:  Boyal  Agrlcnltaral  and  Commercial  Sodety,  Georgetown. 

Bbtibh  HomuBAa:  Colonial  Secretary,  Belize. 

Btloaria  :  Instltntlons  SdenttAqnea  de  8.  M.  le  Bol  de  Bnlgarle,  Bofla. 

Casuit  Iblahm,  t^  Spain. 

Chuje  :  Servldo  de  Canjes  Internaclonalea,  Blblloteca  Naclonal,  Santiago. 

Chuta:  American^niiliese  Pabllcatlon  Bxcbange  Department,  Sbangbat  Bu- 
reau of  Foreign  Affairs,  Sban^at. 

CouMBiA :  Oflclna  de  Canjea  Inteniaclonalea  y  Beparto,  Blblloteca  Naclonal, 
Bogota. 
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Costa  Rica:  Ofldna  de  DepAaito  7  Canje  InternacioDBl  de  PubUcactooM,  8an 

JOB«. 

DmuAfiK :  Kongellge  Donske  Vldenskabemes  Selakab,  CopenhaKeo. 

Dutch  Guiaha  :  Surlnaamscbe  Kolonlale  BlblloUieeh,  Paramarlko. 

Ecdadob:  MlDlsterlo  de  Belacionea  Elzterlorea,  Quito.' 

Eotpt:  Oovernment  PubllcatloDS  Office,  Printing  Departmant,  Cairo. 

France  :  Service  FranGala  des  £chaac«B  Interna tlonanx,  110  Rue  de  QreneDe, 

Paris. 
Oebuaitt:  Amerika-InsUtat,  Berlin,  N.  W.  7. 
Great  Bbttain  and  Ibelahd  :  Messra.  William  Waaler  '^  8<»i>  28  Enez  Street, 

Strand,  London. 
Gbeecb:  Blblloth^ne  Nationale,  Atbens. 
Gbeehland,  via  Denmark. 
Guadeloupe  via  Francs. 

Guateuala:  Inatltnto  Nadonal  de  Varones,  Guatemala. 
QuiHEA,  vta  Poriugal. 

Eaiti:  Secretaire  d'fitat  dee  Relations  ExtArieares,  Port  an  Prince. 
HORDusAB :  Blblloteca  Nacional,  Tegadgalpa. 
HnKOART:  Dr.  Julius  Plkler,  Municipal  Offlce  of  Statlstlca,  T&cl-utca  80,  Bnda- 

Iceland,  via  Denmark. 

ImtiA:  India  Store  Department,  India  Offlcsv  I^ondon. 

Italt:  TJfficlo  degll  Scambl  IntamaEionall,  Blbllotaca  Na^onale  Vlttorio  Ernan- 
nele,  Rome. 

Jau aica  :  Instltnte  of  Jamaica,  Kingston. 

Japan  :  Imperial  Ubrary  of  Japan,  Tokyo. 

Java,  via  Netbetlands. 

KoKEA :  HIb  Imperial  Japanese  Majeetr'a  ReBldency-General,  Seoul 

LnsatA:  Bnrean  of  Exchantea  DepartiaeDt  of  State,  Honrarla. 

LouaaN^o  Uabqubz;  Govenun«it  XJbrarjr,  Lonrenco  Iforqaas. 

Lqxeububo,  via  Germanr. 

Uasaoabcab,  via  France. 

Hasbu.  via  Portogal. 

UennitBOBO :  Uinlst&re  dea  Affaires  titrang^res,  Cetlnje; 

HosAUBiquB,  via  Portugal. 

NarHKBLANDS:  Bureaa  Bclentlflque  Central  Neerlandais,  Blbllotheque  de  I'Dnl- 
Teralte,  Lerden. 

Naw  GuiHKA,  via  NetherlandB. 

tjww  South  Wales  :  Public  library  of  New  Soutb  Wales,  Sydn^. 

New  Zealand  :  Dominion  Museum,  Wellington. 

Nicaeaoda  :  Mlnlaterio  de  Relaclones  Exteriores,  Uanagna. 

Noewat:    Eongellge  Norske  Frederlka  Unlver^tet  Blbllotbeket,  ChriBtlanta. 

Paitaua:  Secretarla  de  Relaclones  Exteriores.  Panama. 

Paeasdat:  Ministerlo  de  Relacionea  Elxterlores,  Asnnclon. 

Pbssia  :  Board  of  Foreign  MIsbIous  of  the  Presbyterian  Gburch,  New  York  City. 

Pmn:  OOdna  de  Reparto,  Depdslto  y  CanJe  Internacional  de  Publicaclonea, 
Ulniaterio  de  Fomento,  Lima. 

Poktcgal:  Servlgo  de  PermutagSes  Intemaclonaes,  BlbUotbeca  Nadonal,  Lisbon, 

Qd^Wbland:  Bureau  of  Exchanges  of  International  Publications,  Cblef  Sec- 
retary's Offlce,  Brisbane. 

Roukakia:  Acsdemia  Romaua,  Bucharest. 

Bvmia:  CommlBslou  Busae  des  ticbangea  Int»natloii£ux,  Blbllotheqne  Im- 
pCriale  Pnbliqne,  St  Petersburg. 

Saltadoe:  Mlnieterio  de  Beladonea  JSzteriores,  San  SalTaaor. 
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Hra.  Charlotte  Baford,  WasblnstOD,  D.  0.,  a  red-fronted  parrot. 
Urs.  U.  £.  Butler,  WashlDgton,  D.  C.  a  Belglao  hare. 
Mr.  Walter  Campbell,  Alexandria,  Va.,  a  woodcbuck. 
Urs.  C.  B.  Clark,  Washington,  D.  C,  a  flnch. 
lire.  Thomas  W.  Cosker?,  FlemlngAorg,  K7.,  a  bald  eagle. 
Mrs.  Ida  M,  Dalton.  Washington,  D.  C,  a  broad-winged  hawk. 
Mies  Elfmbeth  Eccleaton,  Forest  Glen,  Md.,  a  common  (erret, 
Lieut  J-  H.  ETereoo,  United  States  Nary,  a  roseate  spoonbill. 
Ur.  W.  I..  Field,  Washington,  D.  C,  a  011a  monster. 
Cspt  S.  S.  Flower,  GIiSL,  Egypt,  an  Arabian  baboon. 
Mrs.  Elsie  Prlzzell,  Washington,  D.  C,  an  American  magpie. 
Mr.  F.  P.  Hall,  Washington,  D.  O..  a  muscoTj  duck. 
Mr.  Hugh  0.  Harp,  Blnemont,  Va.,  a  Cooper's  hawk. 
Mr.  Hendley,  Washington,  D.  C,  a  brown  cfipacUn. 
tin.  C.  B.  Bight,  WaehingtiHi,  D.  C,  an  alligator. 
Miss  Barbara  Hubbard,  Wadiington,  D.  C,  three  common  csuariea. 
Mrs.  Bogbes,  Waabington,  D.  C,  a  golddncb. 
Mr.  C.  B.  Hnnt,  Washington,  D.  C,  a  cardinal  and  (our  doves. 
Mrs.  Ueber,  Phlladelpbla,  Pa.,  an  alligator. 
M^ss  Annie  C.  Linn,  Alexandria,  Va.,  a  raccoon. 
AbsL  Parmaeter  Btanl^  Matlies,  United  States  Navy,  a  paca. 
iSlsa  Maria  I.  McCarmack,  Wastafngton,  D.  C,  a  Onban  parrot 
Mr.  K  B.  McLean,  Washington,  D.  C,  a  peafowl. 
Mr.  Mills,  Waahlngtcn,  D.  C,  a  common  canary. 
Mr.  A.  M.  Nlcbolaon,  Orlando,  Sla.,  12  young  water  moccasioa. 
Mr.  R.  G.  Paine,  Washington,  D.  C,  a  hog-nosed  snake. 
Mr.  W.  W.  Reese,  Ironton,  Va.,  a  bittern. 
Mr.  Peter  Simon,  Washington,  D.  C,  a  hog-nosed  snake. 
Mr.  J.  T.  Smoot.  Smoot,  W.  Va.,  a  homed  owL 

Mr.  Andreas  Soto,  Cape  8an  Antonio,  Cnba,  two  white-headed  doves. 
Hon.  William  J.  Stone,  United  States  Senate,  a  raccoon. 
Mr.  F.  A.  Thuckery,  Sacaton,  Ariz.,  a  spotted  lynx,  two  Gila  monsters,  and  a 
bomed  lliard. 
Mr.  H.  W.  Wheeler,  Street,  Md.,  a  bladt  snake. 
Hon.  Woodrow  Wilson,  Washington,  D.  C.  three  opossnma. 
Unknown  donor,  a  pigeon  hawk. 


The  losses  Tcere  distributed  throughout  the  collection,  the  mora 
important  being  a  lion,  a  cougar,  a  guanaco,  a  gazelle,  and  an  Ara- 
bian baboon  which  died  from  pneumonia;  an  East  African  buffalo, 
a  gnu,  a  mandrill,  and  a  Malay  bear  from  tuberculosis;  two  lions,  a 
tiger,  a  moose,  and  an  American  bison  from  gastritis  and  enteritis; 
s  rhea,  a  b&tub  crane,  a  flamingo,  and  a  great  bustard  from  asper- 
gillosis; and  several  mammals  and  birds  as  the  result  of  fighting  and 
accidents.  A  number  of  birds  wera  killed  by  predatory  animals 
living  at  large  in  the  park. 

Such  of  the  dead  animals  as  were  of  value  for  study  or  for  other 
museum  purposes  were  transferred  to  the  National  Museum  to  the 
number  of  68.     Autopsies  were  made,  as  usual,  by  the  Pathological 
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Division  of  the  Bureau  of  Animal  Industry,  Department  of  Agri- 
culture.' 

ANIMALS  IN  THE  COLLECTTION  JTJNB  30,  1914. 


Bheaus  monkej   (Maoacus  rftenM) 

BrowD  maeique  (Voeocuj  antoUtt) 

Japinese  moDker  (Uacacnt  /moatiM)- 

Black  ape  (Otpiopitheimt  ntger) 

Cbacma  (Papio  porcorltM) 

HamsdrTaB  babooa  (Papln  tHtmadrya*) ^ 

Uandrlll  (Popto  moimon) 

Qnj  spider  monkey  {Atelei  geoftrovi)- 
Wb I te-tb routed    capuchin    {Oebitt    hy- 


1  monkey   (Cercopitheeat  calHtri-  Gray  woK  (Cotiie  ocridcitloH*) 

ehiu) .' 1       Coyote  ICanU  lo(rnm) 

Mona  monkey    ( OerooiXiMcuj  mono)..       E       WoodliOUK'a  coyote  (Oond  /nutrw)  — 

Diana  monkey  (C7erootXlA«cui  dlaita) 1      Red  fox  {Vitlptt  peiuui/tvanUMt) 

Booty    mangabey     {Cercocebut    fiMgt-  Sirltt  toi  (Fulpea  ccjof) 

Arctic  tax  {Vvlpet  lagoptit) 

Gray  tax  (Crocjion  cinerto-ttrgenleiu) - 

Spotted  hyena  (Binxna  ertxmla) 

African  palm  chet   (Vlvtrra  eivetta). 

Common  genet  (Qtntlta  otntttai 

Cheetali   ( Ciinaliiinij  /ubalua) 

Sudan  lion  (Pem  leo) 

Kilimanjaro  lion  (FeUtteoMbahtentU), 

Tiger  CJfaJf*  UerU) 

Cougar  iFelU  ereto'tniU  Mppetett4t\- 

Jaguar   iFrUt  anca) 

Leopard   (FelU  pardvt) 

Black  leopard  IFeUt  pwdiw) 

Canada  lynx  (Lyne  coMOdauii) 

Bay  lyni  (ZiViu  rufitt) 

Spotted  lynx  (,Lt/nx  ruftu  tetrenaia) 

Florida  lynx  (Lynx  rvfut  floridanut) 

Btellefs  aCB  lion  (Bnmetopdu  itrlleri). 
California  aea  tlon  (ZalophMt  eaUfont- 

Northern  fur  seal  (CoJIolorlaaliMcaaa)- 

Harbor  seal  {Phoca  vitutina) 

Fox  tqalrrel  {Bctunu  niger) 

Western  fox  mntrrel   (Sotanw  ladocf- 

Gray  squirrel    {Bctunt*  coroMiKiiaU ) 

Black  aqulrrel  (iSdunu  ooroHnenffa ) 

Albino  aqnlrrel  {8ei»rv*  ooroKnetula ) . 

Prairie  dog  ICyomya  lii<Iovfolai«iu ) 

AlUno  woodcback  (Arcfonva  moita*)- 
Alplne  mBitnot  (Arctampi  mormotta)- 
American  beaTcr   (Ca*Jor  canadmtlii- 

Hutla-conga    {Caprernvt  pUoridu) 

Indian  porcupine  (fivalrla  leucura) 

Canada  porcupine  {BrvtMxo*  dDrantiw). 
Canada  porcupine  {Erethigon  doraalMl 

Mexican  agouti  (Saapproclamczfcitiia)- 

Aiara'i  agouti  {Datgpnieta  oiotro) 

Created  agoatl  (fioivprocfii  orlttata)  — 
Halry'rumped  agouU  (DMyprocfaprytPi- 
nofopJio) 

Paca  (Oalopeniia  porta) 

Guinea  pig  (CaiHo  ouHert) 

Patagonlan    cayy    (DDllchoH*    patago- 

nltw) 

Capybara    (Ht/drOi^himts  cappbara) ^^- 

Domestic  rabbit  (Lapu  ouniouiua) 

■  The  causes  of  death  were  reported  to  be  as  follow! ;  Boterltta,  23 :  gastritis,  2 ;  gastro- 
enteritla,  S :  pneumonia,  IS ;  plenropaeumonla,  1 ;  congestion  of  Inugs,  2 ;  tubercalosti, 
10 :  aspergllloiilB,  4 :  septicemia,  Z ;  congestion  of  liver,  1 ;  rupture  of  heart,  1 :  ImpacUen 
of  gall  bladder  and  ducts,  1 ;  Impaction  of  stomaeb  with  stoaes,  1 ;  tumor,  1 ;  pimleit 
conjuncUvltls,  1 ;  «at«ract,  1 ;  eoagelatlMi,  1 ;  anemia  due  to  old  age,  2 ;  aeddent,  3 ;  and 
undetermined,  4. 


Brown  monkey  {Cebut  rotuslliia) 

Durukull  (Hyctlpiiheau  trtvirgatvi) 

Mongooie  lemur  <I<emiir  monomi) 

RlDg-talled  lemur  {Lemur  catta) 

Gamett'i  galago  {Oalaeo  garnetll) 

Polar  bear  (Tftalordoa  marlUmiu)  — 

European  brown  bear  (Vnui  arctoi) 

Kadlak  bear  (Oreui  mUdendorgt) 

Takntat  bear  lUrau»  doIH)-- — - 

Alaakan  brown  bear  (Urtiu  OV") 

Eldder's  bear  (Vrnu  UddeH) 

Himalayan  bear  (Uriua  IMbefaniM) 

Japanese  bear  (Vriui  /apoHtcvi) 

Grlisly  Iwar  (Vrnu  jKirrOilHi) 

Black  bear  (.Untu  amrrieatiut) 

Cinnamon  bear  {Unut  americanu*)  — 

Sloth  bear  (tfelurstu  urtOuM) 

KInkaJou   (Cerooleples  caadtvolvulut) ^ 

CacomlsUe  (Batiartectit  aatuta) 

Gray  coaUmundl  (J/aatw  narioa) 

Raccoon  (Prooirait  lo(or) 

American  badger  (TaxMea  tamu) 

Common  stunk   (HrphlHi  putida) 

American  marten  {lliutela  ain«Hcana)_ 

Fisher  (Kustela  pennantU) 

UInk   (Putor*!!*  t>i*on) 

Common  ferret  (Putoriui  pKlorto*) 

Black-footed  ferret  (Pufortui  nlBrtpet)  _ 
North    American    otter    (Lutra   conn- 
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AnimaU  i»  the  ooOcctkm  June  SO,  iSii—Coatliiaed. 
BIRDS — CoDtlaaed. 


Wood  Ibli  (tfrcKrl*  awmlemm).. 

Samd  tbl*  (/N*  ctMoptMl 

While  lUl  (ffMra  Ota) 


WUKIlnc  Bwui  (Olor  coliiMMatiiu) .. 

Halenria  {CgottM  gibbiu) 

Blut  twan   (Chntopl*  atra(a) 

UniroTy  dock  ICairlna  mofcftafo) 

luck     (Cairim    nnn 


tliala) 


WiBdcrlug      tree-dnek      (Dendroei/gna 

PuJFoag    tree-duck     (SBmlrocirifDa    bt- 

Bnnl  (firoKfa  bentlcla  irlaiiciviMlni)- 

CtMd*  goose   {BivHia  canadentU) 

Batctaliu'i   goose.  (Sronfs   nnadentit 

katektmMi . 

I      iMwr  snow  goos^  (Cltt»  Anperbarem } 
I      GfMtet  SDOW  goose  (Chen  Avp«rbomM 


Amerlcui   wblte-f rooted   goose    (J 

am/rvM  eamttU) 

CUDcae  goose   (Aiuer  eyanoidai). 

Setup  duck  (Iforilo  marlld) 

Bed-beaded  duck   (Korlla  a 
Wood  duck  (Ais  ipoiual- 


MandarlD    duck    (DcnttroncMa   mileW- 

Plnun  (Dojlia  aeula) 

ShoTeter  duck  (Spoliilo  dvpcala) 

Black  daek  (Amu  nibripei) 

Mallard    (Aiuu  plalnrhynchoi i 

American    wblte     pcllcau     tPcIecaitua 

erythTorhifiKKoi)    

Ehiropean    white    pellcao     (Pelecanttt 

OHDCTOtatut)     

Roseate  pelican  (PelecanM  roicm) 

Brown  pelican  (Ptlvaiitat  occblcntalit) 
Anstrallan     pcllcttn     fPclccanut     con- 

tpictilatut) 

Florida  connorant    (Phalacrocorax  av- 

rltiM  ftoridanua) 

Mexican       cormorant       ( J'Aalocrocorac 

vigaa  ntezWuni) 

Water  turkey  (Anlitnga  aithbtoai 

American    berrlng   gull    (I/arHi   argca- 

tatul  MmUhioHianuM) 

Laughing  gull   <iisn(  afrlcUla) 

South    African    ostrich    (BIralhIt,    oux- 

Irallt)  „ 

Somali     ostrich      {Blruthlo     molnbdti- 

pAonee) 

Common   casBowarj    ( 

t(M) 


Alligator  tAUlo^lar  mtiaUtiptHetula) 

Painted  boi-torlolse  {CMHdo  omnia) - 
noDcan  Island  (ortoisc  ITe*(udo  epAlp- 

Albemarte     lalaod     tortoise     (Tetfudo 

Borned  lliard  iPhrgnoioma  comu(iini) 
Oila  monster  iHeloderma  (wpGctum). 

Begal  pjthoD   (i'vlAon  retlCTiIatui) 

Common  bo*  (Boa  comtrtctor) 

Anacond*   iEuneclea  miiFinii«l- 

VelTet  snake   (Ei>icralti  ccncArH) 


Spreading    adder     tHelmdon     ptalti- 
Tltlaut) 

Black  snake    IZnmenit  contlrirtart 

Water  snake  <yalrf«  sfpriloa) 

Common  garter  anake  {Eulaaia  tirtalU) 
Water     moccasin      (.taclffrodun     ph- 

Copperhend  (AmrtsfroifoH  conforfrto) 

Diamond    rattlesnake    {Crolalui    ada- 

Banded  rattlesDake  ICrolalut  horridiat 


8TATEJIKNT  OF  THE  COM,KCTl(.)N. 
Accessions  DUBinu  the  yeab. 

Presented 6& 

Purcbased 120 

Bom  and  hatched  In  the  National  Zoologlcul  Piirk 05 

Jteceired  In  exchange - 17 

Deposited  In  National  Zoological  Park 30 

Captured  in  National  Zoological  Park 4 

TotaJ— 323 

73170'— SB  1014 0 
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MAINTENANCE  OF  BUILDINGS,  INCIiOSURES,  OBOUNI>S,  BTa 

Ccmsidemble  repairs  hud  to  be  made  to  some  of  the  buildings  and 
inclosures,  including  new  roof  covering  on  part  of  the  lion  house  and 
the  rebuilding  of  the  fence  around  the  elk  paddock,  and  a  portion  of 
the  retaining  wall  above  the  bear  yards  on  the  eastern  side  of  the  park 
was  rebuilt  where  it  had  been  undermined  by  the  weathering  of  the 
rock  below. 

A  severe  storm  on  July  30, 1913,  destroyed  a  number  of  large  trees 
and  caused  serious  damage  throughout  the  park.  The  cost  of  remov- 
ing the  debris  and  restoring  the  park  to  its  normal  condition  was 
about  $1,500. 

BRIDGE. 

The  construction  of  the  "  rough  stone  or  bowlder  bridge "  across 
Rock  Creek,  which  was  mentioned  in  the  last  annual  report,  pro- 
ceeded in  a  satisfactory  manner.  The  contract  for  the  excavation 
and  masonry  work  was  secured  by  the  lowest  bidder,  the  Warren  F, 
Brenizer  Co.  The  plans  and  specifications  were  prepared  by  David 
E.  McComb,  engineer  of  bridges,  District  of  Columbia,  and  it  was 
thought  best  that  the  supervising  engineer  and  the  inspector  of  the 
work  should  be  persons  recommended  by  him.  Mr.  W.  A.  Draper 
was  accordingly  employed  as  engineer  and  Mr.  William  Champion  as 
inspector.  No  obstacles  of  any  importance  were  met  with  during 
the  progress  of  the  work,  though  it  was  found  that  the  excavation 
required  for  the  piers  was  somewhat  greater  than  had  been  antici- 
pated. The  bridge  was  opened  for  travel  on  November  1,  1913.  As 
there  was  a  heavy  fill  of  earth  over  the  stone  masonry,  it  was  neces- 
sary to  defer  the  construction  of  the  macadam  surface  and  concrete 
sidewalk  until  spring.  This  also  was  satisfactorily  completed  during 
June,  1914. 

The  following  is  a  statement  of  the  expenditures  from  the  appro- 
priation of  $20,000: 

Expenditures  prior  to  Jnly  1,  1018  (all  outside  of  contract  for  excavs- 

tlon  and  masonry) $1.7TC 

Total  pflymenta  under  contract 10,914 

{Expenditures  during  this  flscal  year  (ontalde  of  contract) 6, 158 

17,848 
Since  the  close  of  the  fiscal  year  expenditures  and  liabilities  have 
been  incurred,  amounting  to  fUSS,  for  restoring  and  perfecting  the 
approaches  to  the  bridge.    The  total  expenditures  to  date  are  there- 
fore $18,183. 

ALTERATION  OF  THE  WEST  BOUNDARI  OP  THE  PARK. 

The  sundry  civil  act  for  the  fiscal  year  ending  June  30,  1914,  o(HH 
tained  the  following  item: 

Iteadjaatnient  of  boundnrlee:  For  acqalrlng,  by  condemnation,  all  the  lots, 
pieces,  or  parcels  of  land,  other  than  the  one  hereinafter  excepted,  that  Ue 
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between -the  preoent  western  boaodftry  of  the  NatioaBl  Zoologlca]  Park  and 
Oramectlcot  ATenne  from  Catliednl  Aveane  to  Kllngle  Boad,  (107,200,  or  Buch 
portion  tbereof  as  may  be  neceeaar;,  aald  land  when  acquired,  together  With  the 
Incloded  highways,  to  be  added  to  and  become  a  part  of  the  National  Zoological 
Park.  The  proceedings  for  the  condemnation  of  said  land  shall  be  InsHtnted  by 
the  Secretary  of  the  Treasury  under  and  In  accordance  with  the  tenna  and 
prorlakiDs  of  snbcbapter  1  of  chapter  15  of  tbe  Code  of  Law  for  the  District  of 
Oolnmbla. 

Under  the  sanction  given  by  this  act  the  attention  of  the  Secre- 
tary of  the  Treasury  was  immediately  called  to  the  matter.  A  great 
delay  has  occurred.  It  is  tmderstood  that  a  new  survey  of  the  prop- 
erty involved  was  necessary,  that  the  searching  of  titles  to  the  vari- 
ous parcels  of  land  consumed  considerable  time.  Tbe  case  is  now 
before  the  Supreme  Court  of  the  District  of  Columbia  awaiting  the 
award  of  a  jury.  In  the  meantime  the  principal  property  owner 
has  endeavored  to  enhance  the  value  of  the  land  by  grading  and 
otherwise  improving  it.  The  total  amount  to  be  purchased  is  about 
10}  acres. 

'  ROCK  CBBEE  MAIN  INTERCEFTOB. 

The  District  of  Colombia  having  obtained  from  Congress  author- 
ity to  constrnct  a  large  sewer,  called  the  "  Rock  Creek  main  inter- 
ceptor," extending  frcnn  P  Street  northwest  to  the  MilitAry  Boad, 
District  of  Columbia,  began  work  upon  it  within  the  Umite  of  the 
pnrk  on  June  1,  1913.  The  project  involves  both  an  open-cut  sewer 
and  a  tunnel,  about  2,000  feet  in  length,  ertonding  from  a  short  dis- 
tance below  the  new  bridge  to  the  Klingle  Road.  This  construction 
necessarily  produces  a  conaderable  disturbance  of  the  surface  and 
defacement  of  the  natural  features  of  tile  parte.  This  is  particularly 
the  case  at  either  end  of  the  tunnel,  where  thousands  of  yards  of 
excavated  material  have  been  dumped.  It  is  hoped  that  the  District 
officials  will  be  able  to  remedy  this  in  stHne  measure  when  the  work 
shall  be  cconpleted.    This  is  expected  about  September  5,  1914. 

NEW  APPROACH  TO  THE  PARE. 

By  an  act  of  Ctmgress  approved  March  2, 1911,  there  was  author- 
ized a  new  approach  to  the  park  from  SixteenUi  Street  and  Colum- 
bia Road  to  what  has  been  known  as  the  Quarry  Road  entrance. 
Hiis  has  now  been  completed  by  the  District  with  a  fine  macadam 
roadway,  and  offers  a  most  convenient  and  attractive  route  for  readi- 
ing  the  park  from  the  city.  The  Quarry  Road,  which  had  a  very 
steep  and  dangerous  gradient,  has  been  lUxjlished  as  a  means  of 
access. 

IMPORTANT  NES3}& 

Aviary. — ^Attention  has  been  called  for  several  years  past  to  the 
importance  of  erecting  a  suitable  house  fo"-  ^"^ '  ""ul  preserva-lf 
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tion  of  the  birds  of  the  coUeetion,  moat  of  which  are  now  boused  in  « 
low,  wooden,  temporary  structure  which  is  by  no  means  suitable  for 
the  purpose  and  has  to  be  constantly  renewed  by  repairs.  The  mat- 
ter has  been  repeatedly  urged  upon  Congress  and  an  appropriation 
of  $80,000  asked  for  a  new  structure.  This  is  by  no  means  an  ex- 
travagant sum,  as  the  aviaries  of  most  zodogioal  collections  cost  con- 
Edderably  more  than  this. 

ReptUe  houae. — ^The  park  has  never  had  an  adequate  exhibition  of 
the  interesting  and  varied  domain  of  reptiles,  A  few  alligators,  some 
Galapagos  tortoises,  boas,  anacondas,  and  a  few  native  species  are 
kept  in  the  lion  house  in  quarters  which  are  entirely  unsuitable  for 
their  proper  exhibition  and  comfort.  It  is  thought  that  a  proper 
reptile  house,  where  the  specimens  could  be  kept  in  approximately 
natural  conditions,  could  be  built  for  about  $50,000. 
,  Pachyderm  house. — There  are  now  in  the  collection  a  considerable 
number  of  pachydermata  or  thick-skinned  animals,  including  an 
Indian  elephant,  two  African  elephants,  two  hippopotami,  and  four 
tapirs.  These  all  require  special  treatment  in  the  way  of  bathing 
pools,  strong  walls,  etc.  These  animals  are  at  present  nearly  all 
housed  in  quarters  that  are  too  small  and  weak.  Some  of  them  are 
young  and  rapidly  growing  and  it  will  soon  be  a  difficult  matter  to 
confine  them.  It  is  also  likely  that  otiter  species  will  be  added  to 
those  now  on  hand.  To  properly  exhibit  and  care  f(w  them  a  new 
house  should  be  built  It  is  though;  that  this  can  be  done  at  a  cost 
of  $100,000,  which  is  much  le&a  than  similar  structures  have  cost  in 
other  cities. 

Hospital  <mA  ItAoratory.- — ^The  pmrk  has  not  at  the  present  time 
any  means  for  properly  isolating  and  caring  fm-  the  animals  that 
may  be  injured  or  ailing.  Sick  animals  are  ordinarily  exposed  to 
the  gaze  of  the  public,  to  the  detriment  of  the  animals  and  the  reput&- 
Uon  of  the  park.  Quiet  and  rep(»e  are  as  necessary  to  animals  as 
to  man,  and  that  can  not  be  assured  imder  the  poi-eseht  oondititms. 

Besides  this,  which  seems  required  merely  from  humanitarian 
reasons,  consideration  should  be  ^ven  to  certain  scientific  aspects  of 
the  matter.  Hie  diseases  and  parasites  of  animals  are  but  im- 
perfectly understood,  and  investigations  of  them  are  important,  both 
directly  and  for  their  analogy  with  those  of  man  and  their  possible 
transmission  to  the  human  r^ce.  The  animals  received  at  the  park 
have  usually  been  kept  in  insanitary  quarters  and  frequently  bring 
in  the  germs  of  disease  which  they  transmit  to  others.  If  a  strict 
quarantine  for  a  suitable  time  could  be  established,  this  danger  could 
be  avoided  in  a  great  measure  and  the  death  rate  reduced.  Further 
than  this  there  is  now  no  adequate  utilization  of  the  animals  for 
scientific  purposes. 
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PHI  acrotB  valley,  Ontario  Road. — ^The  adminiBtratJon  has  been 
considerably  embarrassed  hj  the  great  quantity  of  earth  and  d£bns 
that  is  washed  down  into  the  park  from  Ontario  Road  after  every 
heavy  rain.  The  ConuuiBsioners  of  the  District  were  authorized  to 
extend  Adams  Mill  Bead  across  a  deep  vall^  at  the  foot  of  Ontario 
Koad,  and  this  has  made  necessary  a  very  heavy  fill  of  loose  earth 
that  is  readily  excavat«d  by  rains.  Attempts  have  been  made  to 
arrest  this  flow,  which  amounts  to  many  tons  of  earth,  bat  the  means 
at  the  disposal  of  the  paric  are  inadequate. 

AdditioTa  to  the  aolhction. — ^The  park  is  greatly  in  need  of  certain 
well-known  animals  to  make  its  exhibit  more  complete.  I  do  not 
refer  to  those  which  are  excessively  rare,  but  to  thoee  that  are  conmion 
objects  of  interest  to  the  public.  The  anthropoid  apee,  including 
the  gorilla,  the  orang,  the  chimpanzee,  and  the  gibbon,  should  be 
^own;  also  the  rhinoceros,  the  East  Indian  tapir,  the  giraffe,  the 
eland,  the  Beisa  antelope,  the  koodoo,  die  East  African  buffalo,  and 
a  series  of  mountain  goats  and  ^eep,  including  those  from  the 
Western  States. 

Respectfully  submitted. 

Frank  Baker,  Superintertdent. 

Dr.  Charles  D.  Waixxttt, 
Secretary  of  the  Smithsonian  Inatitviion. 
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emitted  by  this  lamp,  first  directly,  and  then,  after  the  rays  have 
traversed  twice  or  four  times  a  tube  200  feet  long,  containing  air  of 
measured  humidity.  During  the  past  year  Mr.  Fowle  has  been 
dealing  principally  with  rays  of  the  very  longest  wave  lengtiis  of  the 
terrestrial  energy  spectrum  which  moist  air  transmits.  He  has 
reached  a  wave  length  of  about  eighteen  microns,  which  is  about 
twenty-five  times  the  longest  wave  length  visible  to  the  eye,  and 
about  three  and  one-half  times  the  wave  length  of  the  solar  rays 
investigated  by  this  Observatory  in  the  years  1890  to  1900. 

A  great  number  of  difficulties  are  met  with.  In  the  fir^  place, 
great  sensitiveness  of  the  bolometer  is  required,  owing  to  the  feeble- 
ness of  these  rays.  Attempts  to  use  a  vacuum  bolometer  have  con- 
sumed much  time,  but  not  yet  with  entire  success.  Full  success  in 
this  seems  now  probable.  In  the  second  place  thra^  is  great  difficulty 
in  determining  the  amount  of  radiation  lost  in  the  optical  train  re- 
quired to  reflect  the  beajn  to  and  fro  through  the  long  tube.  A  prin- 
cipal difficulty  in  this  matter  arises  from  the  fact  that  the  lamp  and 
its  surroundings  are  unequally  hot  at  different  parts,  for  this  has  led 
to  different  degrees  of  loss  at  different  wave  lengths.  This  last  source 
of  error  is  so  obscure  that  it  escaped  our  att^tion  for  a  l<aig  time 
and  has  required  the  observations  to  be  repeated  after  results  worthy 
of  publication  had,  as  it  was  thought,  been  reached.  These  and  a  ho^ 
of  other  difficulties  have  delayed  the  research,  but  great  hope  is  now 
felt  that  satisfactory  results  will  be  ready  for  publication  in  another 
year. 

ComputatioTii. — The  reducticms  of  Mount  Wilson  and  Washington 
observations  take  a  large  part  of  the  time  of  Mr.  Fowle  and  Mr.  Aid- 
rich,  as  well  as  the  entire  time  of  Miss  Graves  and  a  portion  of  that 
of  Mr.  Carriogton.    This  work  is  neaiiy  up  to  date. 

Mr.  Fowle  has  continued  the  study  of  the  effect  of  terrestrial  water 
Taper  on  the  Mount  Wilson  solar  observBti<»!is  and  hea  published 
several  valuable  papers  upon  it.  An  interesting  result  is,  that  after 
determining  and  correcting  for  the  effeot  of  atmospheric  water  vapor 
on  the  transmission  of  solar  ra^s  the  coefficients  of  atmospheric  trans- 
parency determined  at  Mount  Wilson  when  combined  with  the  baro- 
metric pressure  after  the  manner  indicated  by  Lord  Rayleigh's  theory 
of  gaseous  scattering  of  light,  yield  the  value  S.TO  billion  billion  as 
the  number  of  molecules  at  standard  pressure  and  temperature  in  a 
cubic  centimeter  of  gas.  Prof.  Millikan,  by  a  wholly  independent 
kind  of  reasoning,  has  derived  from  electrical  experiments  tixe  value 
2.705  billion  billion.  The  close  agreenent  found  is  a  strong  confirma- 
tion of  the  accuracy  of  oar  determinations  of  atmospheric  transpar- 
ency, and  accordingly  tends  .tp  increase  confideaoe  in  our  determina- 
tion of  the  solar  oonstant  of  radiation. 
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very  light  electric  battery  for  this  purpose.  At  length  a  modification 
of  the  Koberts  cell  was  designed,  in  which  individual  cells  wei^ting 
20  grams  (f  ounce)  would  furnish  a  constant  potential  of  1,3  volts 
and  yield  a  nearly  constant  current  of  about  0.5  ampere  for  nearly 
two  hours.  The  infernal  resistance  of  the  cells  was  only  about  0,3 
ohms.  Barometric  elements  were  made  to  record  on  the  same  drum 
that  recorded  radiation.  One  instrument  was  constructed  to  be  sent 
up  at  night,  so  as  to  show  if  any  unexpected  phenomena  occurred 
when  the  instruments  were  being  raised,  apart  from  those  due  to  the 
sun.  Many  tests  of  the  instruments  were  made  at  different  tempera- 
tures and  pressures,  and  while  immersed  in  descending  air  currents 
comparable  to  those  anticipated  to  attend  the  flights.  The  accom* 
panying  illustration  shows  one  of  the  balloon  pyrheliometers  as 
reconstructed, 

SUver-diak  pyrheliometers. — As  in  former  years,  a  number  of 
silver-disk  pyrheliometers  were  standardized  at  the  Observatory  and 
sent  out  by  the  Institution  to  several  foreign  Government  observa- 
tories. 

IN  THB  FIELD. 
IfOnnT  WILBOM  BXPHIITIOH  OF  1»13. 

Mr.  Aldrich  went  to  Mount  Wilson  early  in  July,  1918,  and  car- 
ried on  there  solar  constant  measurements  until  September  when  he 
was  joined  and  then  relieved  by  Mr.  Abbot,  who  continued  the  obser- 
vations until  N^ovember.  An  expedition  at  the  charge  of  the  private 
funds  of  the  Smithsonian,  and  under  the  direction  of  Mr.  A.  K. 
Angstrom,  was  in  California  during  July  and  August  for  the  pur- 
pose of  measuring  nocturnal  radiatiwi  at  different  altitudes,  ranging 
from  below  sea  level  to  the  summit  of  Mount  Whitney,  4,420  meters 
(14,502  feet).  Mr.  Aldrich  cooperated  as  far  as  possible  with  this 
expedition. 

Balloon  fyrhellometry. — At  the  same  time  a  cooperating  expedi- 
tion from  the  United  States  Weather  Bureau  made  ascents  of  captive 
and  free  balloons  in  order  to  determine  the  temperature,  pressure,  and 
humidity  at  great'  elevations,  for  use  in  reducing  Mr.  Angstrom's 
observations.  Advantage  was  taken  of  the  opportunity  to  send  up 
special  pyrheHometers  for  measuring  solar  radiation  at  great  alti- 
tudes. These  experiments,  which  were  made  jointly  by  Mr.  Aldrich 
and  Mr.  Sherry  of  the  Weather  Bureau,  were  referred  to  by  anticipa- 
tion in  last  year's  report.  Five  balloon  pyrheliometers  were  sent  up 
from  Santa  Catalina  Island,  All  were  recovered,  with  readable 
records.  One  instrument  unfortunately  lay  in  a  field  about  six  weeks 
before  recovery,  and  parts  of  its  record  referring  to  the  higher 
elevations  were  obliterated,  but  it  yielded  the  best  results  of  any  up 
to  about  8,000  meters.    Two  of  the  instruments  unfortunately  were 
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Omihs.  AscencdoQS  were  not  made  until  after  July  1,  1914,  but  it 
may  be  said  in  anticipaticHi  that  two  ascensions  by  day  and  one  by 
night  were  made.  All  three  instruments  were  recovered.  No  unex- 
pected phenomena  were  disclosed  by  the  night  record.  One  day 
record  appears  to  be  ezceUent  Fortunately  the  instrument  which 
recorded  it  came  back  uninjured,  and  further  tests  and  calibrations 
with  it  are  intended.  The  instrument  reached  a  very  great  height, 
ud  recorded  radiation  successfully  until  after  it  began  to  descend. 
Preliminary  reductions  show  that  the  values  recorded  fall  below 
our  adopted  value  of  the  solar  constant  of  radiation. 


Progress  has  been  made  in  the  measurement  of  the  effects  pro- 
duced by  atmospheric  water  vapor  on  solar  and  terrestrial  radia- 
tion. New  apparatus  for  measuring  sky  radiation  has  been  devised 
and  perfected.  Special  pyrheliometers  have  been  constructed  and 
caused  to  record  solar  radiation  with  considerable  success  at  great 
tltitades  when  attached  to  free  balloons.  The  results  obtained  tend 
to  confirm  the  adopted  value  of  the  solar  constant  of  radiation. 
Further  results  from  balloon  pyrheliometry  are  expected.  A  tower 
telescope  has  been  erected  and  put  in  operation  on  Mount  Wilson. 
By  means  of  it  the  variability  of  the  sun  has  been  independently  con- 
firmed, for  it  appears  that  dianges  of  the  distribution  of  radiation 
over  the  sun's  disk  occur  in  correlation  with  the  changes  of  the  sun's 
total  radiation. 

Kespectfolly  submitted. 

C.  G.  Abbot, 
Director  Aabrophysicid  Ohservatory. 

Dr.   CBAKIiCS  D.    WAIiCOTT, 

Secretary  of  the  Smithsonian  Institution. 
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REPORT  ON  THE  LIBRARY. 

Sib:  I  have  the  htmor  to  present  the  following  report  upon  the 
work  of  the  Library  of  the  Smithsonian  Institution  and  its  branches 
during  the  fiscal  year  ending  June  30, 1914: 

It  is  with  deep  regret  that  the  library  records  the  death,  on  June 
25,  1914,  of  Dr.  Frederick  William  True,  as^,stant  secretary  of  tha 
Smithsonian  Institution  in  charge  of  library  and  exchanges. 

ACCESSIONS. 

The  additions  to  the  library  are  received,  with  few  exceptions,  in 
exchange  for  the  publications  of  the  Institution  or  by  ^ft.  There 
were  received  during  the  year  a  total  of  32,964  packages  of  publica- 
tions, about  90  per  cent  of  which  came  by  ntiul  and  the  balance 
through  the  International  Exchange  Service.  The  correspondence 
incident  thereto  af^regated  about  2,000  written  letters  and  6,888 
printed  forms  of  acknowledgment. 

There  was  catalogued,  accessioned,  and  forwarded  to  the  Smith- 
sonian Deposit  in  the  Library  of  Congress  a  total  of  32,195  pieces,  as 
follows:  3,765  volumes  and  1,729  parts  of  volumes,  5,755  pamphlets, 
20,603  periodicals,  and  343  charts.  In  addition  1,062  parts  of  serials 
were  received  to  complete  imperfect  sets.  The  accession  entries  were 
from  513,027  to  517,776. 

Tliere  was  also  transferred  to  the  Library  of  Congress  without 
being  stamped  and  recorded  a  total  of  7,464  public  documents  pre- 
sent«d  to  the  Institution. 

The  accessions  to  the  office  library,  the  Astrophysical  Observatory, 
and  the  National  Zoological  Park  amounted  to  1,165  publications, 
which  were  distributed  as  follows :  631  volumes,  93  parts  of  volumes, 
46  pamphlets,  and  1  chart  were  recorded  for  the  office  library;  106 
volumes,  33  parts  of  volumes,  and  212  pamphlets  for  that  of  the 
Astrophysical  Observatory;  and  39  volumes  and  4  pamphlets  for  the 
National  Zoological  Park.  This  large  increase  over  the  previous 
year  was  due  in  part  to  the  addition  of  nearly  100  books  for  the 
employees'  library  from  the  estate  of  Miss  Lucy  Hunter  Baird  and 
also  to  books  acquired  for  the  use  of  the  Langley  Aerodynamical 
Laboratory. 


oyGooi^lc 


BEPORT  OF  THE  BECRETABT.  97 

Complete  sets  of  inangural  dissertations  and  technological  publi- 
rations  from  35  universities  and  technical  high  schools  were  received 
from  the  following  places;  Baltimore,  Basel,  Berlin,  Bern,  Bonn, 
%aimschweig,  Breslau,  Dresden,  Erlangen,  Freiburg,  Giessen, 
Greifewald,  Halle-Wittenberg,  Hamburg,  Heidelberg,  Helsingfors, 
Ithaca,  Jena,  Karlsruhe,  Kiel,  Konigsberg,  Leipzig,  Louvain,  Lund, 
Harburg,  New  Haven,  Paris,  Rostock,  St.  Petersburg,  Strassburg, 
Toulouse,  Tubingen,  Upsala,  Wurzburg,  and  Zurich. 

EXCHANGES. 

A  considerable  portion  of  the  periodicals  in  the  Smithsonian 
Library  are  obtained  in  exchange  for  publications  of  the  Institution, 
During  the  year  138  new  titles  of  periodicals  were  thus  added  to  the 
large  series  of  scientific  journals  already  contained  in  the  Smith- 
sonian deposit.  There  were  also  secured  1,062  pai-ts  to  complete 
imperfect  sets  of  publications  already  in  the  library. 

This  work  of  completing  the  sets  and  series  in  the  Smithsonian 
deposit  is  of  great  importance  and  has  been  carried  forward  with 
definite  results. 

In  response  to  requests  sent  to  various  institutions,  832  missing 
parts  have  been  supplied  to  complete  124  .sets  of  publications  of 
scientific  institutions  and  learned  societies,  151  parts  of  62  period- 
icals and  78  parts  of  30  sets  and  1  map  for  the  series  in  the  general 
classification.  Among  the  more  important  publications  received  and 
sent  to  the  deposit  to  complete  the  sets  may  be  mentioned  "3  parts 
of  the  "  Chetniia,"  of  the  University  of  Moscow,  Ciissia,  making  the 
set  complete  from  1869  to  date;  also  60  parts  of  the  Boletfn  de  la 
Sociedad  Slexieana  de  Geograffa  y  Estadistica,  of  Mexico  City, 
Ibxico,  completing  the  set  to  date ;  and  4  sets  of  publications,  com- 
prising 78  volumes,  from  Het  Islenska  Bokmentafelag,  of  Beykjavik, 
Iceland,  completing  the  sets  from  1869  to  date. 

The  securing  of  publications  of  historical  societies  in  the  TJnited 
States  and  abroad  has  been  continued,  and  many  additional  publica- 
HoDB  have  been  obtained  and  transmitted  to  the  Library  of  Congress. 

READING  HOOM. 

The  reading  room  has  boon  in  constant  use  <luring  the  year.  There 
are  now  on  file  about  270  foreign  and  domestic  scientific  periodicals 
which  are  required  by  the  staff  of  the  institution  and  its  branches 
for  consultation.  In  view  of  the  fact  that  this  collection  contains 
representative  scientific  periodicals  from  all  parts  of  the  world,  offi- 
cers of  the  scientific  bureaus  of  the  various  governmental  establish- 
meots  in  Washington  and  students  generally  continue  to  take  advan- 
tage of  the  opportunity  to  consult  them. 
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tained  during  his  lifetime  a  number  of  volumes,  jind  after  his  death 
his  dau^ter,  Miss  Lucy  Hunter  Baird,  continuedto  add  to  these 
books.  In  her  wiU^  which  was  probated  after  her'deaUi  last  year, 
Ae  left  to  the  Museum  this  collection,  vhich  numbei'ed'^0  volumes. 

DAIX  UBBART. 

A  number  of  books  relating  to  mollusks  was  presenteil  to  the 
Museum  in  1892  by  Dr.  WilHam  Healey  Dull,  and  he  hus  addedto 
this  gift  from  year  to  year.  The  number  of  titles  is  now  about  7,bOO,. 
and  these,  with  a  comparatively  small  number  of  books  from  oth«V- 
sources,  make  up  the  sectional  library  of  the  division  of  mollusks.  ; 
Daring  the  past  year  Dr.  Dall  has  added  about  50  titles.  The  cata^  - 
loguing  of  these  books  was  completed  during  the  past  year  under 
Dr.  Dall's  personal  direction. 

TECHNOLOGICAL  SERIES. 

Periodicals  entered  on  the  records  of  the  technology  library  have 
numbered  476  complete  volumes,  6,096  parts  of  volumes,  and  the  new 
periodical  cards  made  for  these  have  been  331.  The  cataloguing  for 
the  year  numbered  256  volumes  and  747  pamphlets,  requiring  1,187 
separate  cards.  The  total  number  of  cards  typewritten,  periodical  and 
catalogue,  is  1,518.  In  addition,  about  500  volumes  and  8,000  pam- 
phlets have  been  placed  on  the  shelves  under  their  re5[)ective  class 
nnmbers  and  will  be  incorporated  later  in  the  records  which  are  now 
in  preparation. 

Books  and  pamphlets  loaned  during  the  year  in  addition  to  those 
from  the  general  library  numbered  188  volumes  and  290  single  pam- 
phlets and  parts  of  periodicals,  making  a  total  number  of  478  pub- 
lications. About  360  books  have  been  consulted  in  the  reading  room, 
and  about  3,000  books  and  periodicals  have  been  transferred  to  the 
various  sections  of  mineral  technology,  textiles,  and  gi'aphic  arts, 
and  section  cards  made  for  these. 

The  science  depository  set  of  cards  from  the  Library  of  Congress 
was  received  last  year,  and  about  28,000  have  been  filed  ulpliabeti- 
cally.  About  the  same  number  remain  to  be  filed  before  the  set  is  in 
alphabetical  order.  When  completed  it  will  be  a  useful  index  to  the 
scientific  resources  of  Washington.  The  catalogue  has  been  com- 
pleted for  all  the  books  in  the  i-eading  room  and  about  two-thirds  of 
the  east  gallery,  leaving  the  north  gallery  and  the  ["einiiinder  of  the 
east  gallery  still  to  be  done. 

SEXmONAL  LIBRASIES. 

The  sectional  libraries  of  the  Museum  have  been  receiving  refer- 
ence publications  for  which  receipts  have  been  given  and  filed  in 
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the  library,  but  sifuiie'the  monng  to  the  new  building  no  STstematic 
checking  has  beM  Hone  of  what  is  now  on  the  shelves  in  the  libraries 
placed  in  th&.departments  and  divisions.  It  seems  desirable  and 
important  th^l  this  matter  should  receive  consideration,  and  it  is 
recommesrd^'that  a  competent  cataloguer  be  employed  to  do  this 
special  Atpi^.  It  is  estimated  that  it  would  require  a  year's  time 
to  complete  the  work. 

The- sectional  libraries  now  existing  are  as  follows: 


.A^AMlstration. 

■*>4^1uiatratlre  asslstaDl'B  cfflce. 
, ,  ^tbropology. 
-•  Biology, 
'  BlrdB. 

Botanj. 

Comparatire  auatomj. 

Editor's  office. 


Geology. 

Grapblc  arts. 

History. 

Insects. 

Invertebrate  paleontology. 

HammalB. 


Marine  InvNtebrateo. 

Materia  medlca. 

Mechanical  tecbnology. 

MoUuskB. 

Oriental  archeology. 

Paleobotany. 

Pamaltesi 

Photogniptiy. 

Physical  aatbropology. 

Prehistoric  archeology. 

Reptiles  and  batrachians. 

Superintendent's  office. 

Tazidermf. 

Textiles. 

Vertebrate  paleontology. 


BUREAU  OF  AMERICAN  ETHNOLOGY. 

This  library  is  administered  under  the  direct  care  of  the  ethnolo- 
gist in  charge,  and  a  report  on  its  operations  will  be  found  in  the 
general  report  of  the  bureau. 

ASTROPHYSICAL  OBSERVATORY. 

Books  relating  directly  to  astrophysics  have  been  brought  to- 
gether for  the  use  of  the  Observatory.  It  is  a  valuable  series  of 
technical  works  and  all  the  publications  are  in  constant  use.  During 
the  year  351  publications  have  been  added,  consisting  of  106  volumes, 
33  parts  of  volumes,  and  212  pamphlets.  There  were  64  volumes 
bound  at  the  Government  Printing  Office. 

NATIONAL  ZOOLOGICAL   PARK. 

The  collection  of  works  on  zoological  subjects,  which  are  kept 
in  the  office  of  the  superintendent  of  the  park,  is  not  very  large, 
but  they  all  relate  to  ^e  work  which  is  being  carried  on.  Daring 
the  year  39  volumes  and  4  pamphlets  have  been  added. 
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SUMMABI  OF  AGCBSaiONS. 

The  following  statemeot  summarizes  the  accessions  during  the 
year,  with  the  exception  of  the  library  of  the  Bureau  of  American 
Ethnology : 

To  the  SmlthBonlan  deposit  la  tbe  Library  of  Congress,  Including  parts 
to  complete  setB ]2,0C>4 

To  tlie  Smltbsotilaa  office,  Astroptijelcal  Observulory,  aud  Zouloglcul 
Park  1,105 

To  Itae  United  States  Natlouiil  Muxeuiii 3,772 

Total    — _ -— _ - 1T,6»1 

Bespectfully  submitteil. 

Paul  Brock£TT, 

Assistant  Librarian. 
Dr.  Chaiuj:^  D.  Walcott, 

Secretary  of  the  Smithsonian  Inntitution, 
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REPORT    ON    THE    INTERNATIONAL    CATAIXX3UE    OF 
SCIENTIFIC  LITERATURE. 

Sir:  I  have  the  honor  to  submit  the  following  report  on  the 
operations  of  the  United  States  Bureau  of  the  International  Cata- 
logue of  Scientific  Literature  for  the  year  ending  June  30,  1914: 

This  enterprise  was  organized  in  1901  and  has  for  its  object  the 
preparation  and  publication  of  an  annual  classified  index  to  the 
current  literature  of  science.  The  catalogue  is  published  in  the 
form  of  a  classified  book  index,  each  paper  referred  to  being  first 
listed  under  the  author's  name  and  again  under  the  subject  or  sub- 
jects of  the  contents.  Seventeen  main  volumes  are  issued  each  year, 
one  for  each  of  the  following-named  branches  of  science :  Mathematics, 
mechanics,  physics,  chemistry,  astronomy,  meteorology,  mineralogy, 
geology,  geography,  paleontology,  general  biology,  botany,  zoology, 
anatomy,  antiiropology,  physiology,  and  bacteriology. 

All  of  the  first  9  annual  issues  have  been  published,  together  with 
IC  volumes  of  the  tenth  issue,  8  volumes  of  the  eleventh  issue,  and 
1  volume  of  the  twelfth,  a  total  of  178  regular  volumes,  in  addition 
to  several  special  volumes  of  schedules,  lists  of  journals,  etc.  The 
number  of  pages  in  each  annual  issue  is  shown  in  the  following 
table: 

Fir?t  annual  Issue.— 7,763 

Second   annual  issue 8,826 

Third   annual    Ibsub 8,493 

Fourth  annual  Issue.. 8,681 

Fifth  annual  issue 10,785 

Sixth  annual  issue 10,049 

Seventh  annual  issue il,219 

Bighth  annual  issue 3,699 

Ninth  annual  Issue 7,933 

Tenth  annual  Issue. 8,447. 

The  large  increase  in  size  of  the  fifth  and  sixth  annual  issues 
necessitated  a  change  in  the  plan  of  publication,  the  object  in  view 
being  to  reduce  the  bulk  and  consequent  cost  of  the  work  while  not 
reducing  its  usefulness.  This  has  been  accomplished  by  printing 
the  full  titles  and  references  only  once — that  is,  in  the  author  cata- 
logue— the  subject  catalogue  containing  only  the  author's  name  and 


o;Goo<^lc 


BEPOBT  OP  THE  8ECBETABY.  105 

t  number  referring  to  a  like  number  in  tlie  author's  catalogue  where 
the  full  reference  may  be  found.  Following  this  plan  has  resulted 
in  a  marked  reduction  in  the  size  of  the  eighth,  ninth,  and  tenth 
isues. 

The  central  bureau  of  the  organization  is  maintained  in  London 
and  hafi  charge  of  receiving,  editing,  and  publishing  t^e  classified 
references  furnished  hy  the  33  regional  bureaus  cooperating  in  the 
production  of  the  catalogue.  These  regional  bureaus  are  maintained 
for  the  most  part  by  direct  governmental  grants  made  by  the  coun- 
tries in  which  they  are  ^tuated.  Ttie  annual  subsci-iption  price  for 
a  complete  set  of  17  volumes  is  $85.  The  proceeds  derived  from  sub- 
scriptions are  used  entii'ely  to  support  the  central  bureau. 

During  the  year  28,606  cards  were  sent  from  this  bureau  to  the 
London  central  bui'eau,  as  follows: 
Uteratnre  of^ 

1906 169 

1906 64 

1907 133 

190S — 621 

1909 223 

1910 852 

1911 2,983 

1912 8. 010 

1913 15, 546 

Totfll 28, 006 

The  following  table  shows  the  number  of  cards  sent  each  year  as 
well  as  the  number  of  cards  representing  the  liteniture  of  each  year 
from  1901  to  1913,  inclusive:  , 
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report  on  the  publications. 

Sm;  I  have  the  honor  to  submit  the  following  report  on  the  publi- 
cations of  the  Smithsonian  Institution  and  its  branches  during  the 
jesT  ending  June  30,  1914: 

The  Institution  proper  published  during  the  year  86  papers  in  the 
series  of  **  Smithsonian  MisceUaneous  Collections,"  an  annual  report, 
ind  pamphlet  copies  of  88  papers  from  the  general  appendix  of  the 
report  The  Bureau  of  American  Ethnology  published  2  bulletins 
and  a  separate  paper,  and  the  United  States  Kational  Museum  issued 
2  annual  reports,  49  miscellaneous  papers  from  the  proceedings,  9 
new  bulletins  and  parts,  and  9  parts  of  volumes  pertaining  to  the 
National  Herbarium. 

The  total  number  of  copies  of  publications  distributed  by  the  Insti- 
tution proper  during  the  year  was  107,471.  The  aggregate  includes 
1^29  volumes  of  Smithsonian  Contributions  to  Knowledge;  59,777 
volumes  and  separates  of  Smithsonian  Miscellaneous  Collections; 
33^9  volumes  and  separates  of  the  Smithsniian  annual  reports; 
S,483  special  publications;  1,477  copies  of  volume  3,  Annals  of  the 
Astrophysical  Observatory;  775  reports  of  the  Harriman  Alaska 
Expedition ;  12,819  volumes  and  separates  of  the  Bureau  of  American 
Ethnology  publications;  1,412  annual  reports  of  the  American  His- 
torical Association;  26  publications  of  the  United  States  National 
Hoseum ;  and  194  publications  not  of  the  Smithsonian  Institutitm  or 
ita  branches.  Additional  copies  of  the  third  edition  of  the  Smith- 
smian  Geographical  Tables  were  printed  just  before  the  close  of  the 
year.  There  were  also  distributed  by  the  National  Museum  93,200 
copies  of  its  several  publications,  making  a  total  of  202,671  publica- 
tions distributed  by  the  Institution  and  its  branches  during  the  year. 

SMITHSONIAN  C»NTBIBUTIONS  TO  KNOWLBDOB. 

No  publications  of  this  series  were  issued  during  the  year. 
SMITHSONIAN  MISCEa,LANEODS  COLLECTIONH. 


Of  the  Miscellaneous  Collections,  volume  57,  3  papers  were  pub- 
lidied;  of  volume  59,  1  paper,  and  title-page  and  table  of  contents; 
of  volume  60,  2  papers,  and  title-page  and  table  of  contents;  of  vol- 
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ume  61, 21  papers,  and  title-page  and  table  of  contents;  of  volume  63, 
2  papers;  of  volume  63,  6  papers;  and  of  volume  64,  1  paper;  in  all, 
36  papers,  as  follows: 

Volume  £7. 

No.  11.  Cambrian  geology  and  peleontoloey.    II.    New  Lower  Cambrian  eub- 

fauna.    By  Oiarles  D.  Walcott    Publlsbed  July  21,  1913.    Pp.  SOB- 

326,  plB.  60-M.     (Publ.  2185.) 
No.  12.  CambrlBn  geology  and  paleontology.     II.    Gambrtaii  formations  of  tbe 

Robson  Peak  district,   British  Columbia  and  Alberta,  Canada.    By 

Charles  D.  WalcotL    July  24,  1913.    Pp.  327-343,  pis.  65-09.     (Pabl. 

2186.) 
No.  13.  Cambrian  geology  and  paleontology.    II.    Dikelocepbalus  and  otlier  gen- 

era  of  the  Difcelocepfaaliiue.    By  Charlee  D.  Walcott    Ajirll  4,  1914. 

Pp.  345-412  and  ladei,  pis.  00-70.     (Publ.  2187.) 
[Title-page  and  table  o(  contents.]     (Publ.  2270.)     In  press. 

Vohime  SB. 

Ko.  19.  Early  Norse  Ylsita  to  North  America.    By  William  H.  Babcock.    July 

9,1913.    Ut+21Sn>-,  lOplB. 
Title-page  and  table  of  contents,    vl  pp.    August  7, 1913.     (Pnbl.  2234.) 

Votume  60. 

No.  23.  The  influence  of  tbe  atmosphere  on  our  health  and  comfort  In  conflned 
and  crowded  places.  By  Le<mard  HIU,  Martin  Fla^k,  James  Hc- 
Intosb,  R.  A.  Rowlands,  and  H.  B.  Walker.  Hodgklns  Fund.  July 
IB,  1913.    96  pp.     (Publ.  2170.) 

No.  30.  Kxploratlons  and  fleld  work  of  the  Smithsoalan  Institution  in  1912. 
March  28.  1913.    76  pp.,  82  Ogs.     (End  of  volume.)     (Publ.  2178.) 

Title-page  and  table  of  contents.    August  7, 1913.    vl  pp.     (Publ,  2235.) 

Volume  61. 

No.  1.  The  White  Rhinoceros.     By  Edmund  Heller.    October  11.  1913.    77  pp., 
31  pis.     (PubL  2180.)     fNos.  2  to  G  of  this  volume  were  published 
during  previous  yenr.l 
No.  1.  Great  atone  monuments  In  lilBtory  and  get^raphy.    By  J.  Walter  Fewkes. 

September  IB.  1913.    60  pp.     (Publ.  2229.) 
No.  7.  New  races  of  antelopes  from  British  East  Afrlcn,    By  Edmund  Heller. 

July  31,  1913.    13  pp.     (Publ.  2231.) 
No.  a.  The  comparative  histology  of  the  femur.    By  Dr.  J.  8.  Fonte.    August 

22.  Iflia    9  pp.,  3  pla.     (Publ.  2232.) 
Nu.  9.  Descriptions  of  three  new  African  weaver  birds  of  the  geaeru  Estrllda 
and  Granatlna.     By  Edgar  A.  Meams    July  31.  1913.    4  pj).     (Publ. 
2236.) 
No.  10.  Descriptions  of  four  new  African  thrushes  of  tbe  gntera  Planesticus  and 
Geoclchla.    By  Edgar  A.  Meams.    August  11,  1913.    6  pp.     (Publ. 
2237.) 
No.  11.  Descriptions  of  six  new  African  birds.    By  Edgar  A.  Meams.    August 

30,1913.     B  pp.     (Publ.  2238.) 
No.  12.  PopuluB  Macdougalil.    A  new  tree  from  the  Southwest.     By  J.  N.  Rose. 

September  3,  1913.    2  pp.,  1  pi.     (Publ.  2239.) 
No.  13.  New  antelopes  and  carnivores  from  British  Bast  Africa.     By  Edmund 
Bailer.    September  16. 1913.    15  pp.     (Publ.  224a) 
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Notl4-  Descriptions  of  five  new  African  weaver  birds  of  tbe  genera  Othj- 

pbantes,    Rypatgoa,    AldemoSTOe.    and    Lagonostlca.    By    Edgar    A. 

Mearns.    September  20.  1913.    B  pp.     (Publ.  2241.) 
No.  IB.  Notes  on  the  recent  crinolds  in  the  British  Museum.    By  Austin  Hobart 

Clark.    December  31,  1918.    89  pp.    (Puhl.  2242.) 
N0.IU.  A  new  sbmb  of  tbe  genus  Esenbeckla  from  Colombia.    By   Dr.  K. 

Kranse.    September  29,  1913.    it  p.     (Publ.  2243.) 
No.  17-  New  races  of  ungulates  and  primates  from  Equiitorlnl  Africa.    By  Ed' 

moDd  Heller.    October  21, 1913.    12  pp.     (Publ.  224E>.) 
No.  IS.  Antbropologlcal  work  in  Fern  In  1913,  wltb  notes  on  the  pathology  of 

the  andeit  Peruvians.     By  Dr.  Al^  HrdlKka.    February  12,  1014. 

69  pp.,  26  pis.      (Publ.  2246.) 
No.  19.  New  races  of  camlTora  and  baboons  from  Equatorial  Africa  and  Abya- 

Binia.    By  Edmund  Heller,    November  8,  1013.    12  pp.     {Publ.  :ri4S.) 
Na20.  Descriptions  of  10  new  African  birds  of  the  genera  Pogonmrlclila,  Cos- 

^pba,  Bradypterus.  Sylvletta,  Melanlpams,  and  Zosterops.    By  Edgar 
A.  Meama    November  29,  1013.    8  pp.     (Publ.  2251.) 
No.  21.  Fifty-one  new  Malayan  mammals.    By  Gerrit  S.  Miller,  jr.    December 

29,  1913.    30  pp.     (Publ.  2252.) 
No.  22.  Four  new  subspecies  of  large  mammals  from  Equntorial  Africa.     By 

Edmund  Heller.    January  26,  1014.    T  pp.     (Publ.  2255.) 
No.  23.  A  new  genus  of  Mallonhaga  from  African  guinea  fowl  la  the  t'niteil 

States  National  Museum.    By  John  Howard  Paine.    January  31.  1914. 

4  pp.    (Publ.  2258.) 
No.  24.  New .  Supindacegc  from    Panama   and   Costa   Kica.     By    [>ruf.    Dr.    L. 

Radlkofer.    February  9,  1914.    8  pp.     (Publ.  2259.) 
No.  25.  Descriptions  of  eight  new  African  Bulbuls.    By  Edgar  A.  Mearns.    l<'eb' 

ruary  16,  1014.    6  pp.     (Publ.  2260.) 
TiUe-page  and  table  of  contents,    March  13,  1014,    vi  pp.     (Publ.  2230.) 

Volume  6B. 

No.  1.  Advisory  Committee  on  the  Liingley  Aerodynamical  Laboratory.     Hodg- 

klns  Fund.    July  17,  1013.    5  pp.     (Publ.  2227.) 
No.  2.  Hydromechanlc  experiments  with  fijing-boat  hulls.    By  H.  C.  Bicbard- 

son.    Hodgklns  Fund.    April  20,  1914.    9  pp.,  6  pis.     (Publ.  2253.) 
No.  3.  Report  on  European  aeronautical  liiboriitoriea.    By  A.  F.  Zahm.    23  pp.. 

11  pis.     (Publ.  2273.)     In  press. 

Volume  63. 

No.  1.  Atmospheric  air  In  relation  to  tuberculosis.  By  Guy  Hinsdale.  Hodg- 
klns Fund.    June  22, 1914.    136  pp.,  93  pis.    (Publ.  2254.) 

No.  2.  Notes  on  some  specimens  of  a  species  of  Onycbophorc  (Oroperipatus  cor- 
radol)  new  to  the  fauna  of  Panama.  By  Austin  Hobnrt  Clark.  Febru- 
ary 21,  1014.    2  pp.  ■  (Publ.  2261.) 

No.  3.  A  new  Ceratopslan  dinosaur  from  the  Upper  Cretaceous  of  Montana, 
with  note  on  HypacroBaurus.  By  Charles  W.  Gllmore.  March  21, 
1914.    10  pp.  2  pis.     (Publ.  2262.) 

No.  4.  On  tbe  relationship  of  the  genus  Aulacocarpns,  with  description  of  a  new 
Panamanian  species.  By  H.  PIttler.  March  IS.  1914.  4  pp.  (Publ. 
2264.) 

"So.  5.  Descriptions  of  five  new  mammals  from  Panama.  By  EL  A.  Goldman. 
March  14.  1014.    7  pp.     (Publ.  2266.) 
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No.6.  PhjBlcal  TaMcs.    Sixth  edlUon.    F.  E.  Fowle.     (Publ.  2269.)     In  {iren. 
No.  7.  New  Bubspedes  of  mammals  from    Equatorial    Africa-    By    Edmuad 
Heller.    June  24,  1914.    12  pp.    (Pnbl.  2272.) 

Volwne  6i. 

No.  1.  Cambrian  geology  and  paleontolpgy.    III.  The  Oambrian  Fatmas  of  Eact- 

em  Asia.    By  Cbarlee  D.  Walcott.    April  22,  1914.    Pp.  1-76,  pla  1-3. 

(Pnbl.  226S.) 
No.  2.  Cambrian  geology  and  paleontologr.    III.  Pro-Cambrian  Algonklaa  Algil 

Flora.    By  CharlcB  D.  Walcott    Pp.  77-156,  pis.  4-2a     {PnbL  2m.) 

In  press. 

SMITHSONIAN  ANNUAL   REPORTS. 

Report  for  191S. 

The  Annual  Report  of  the  Boardof  Begents  for  1912  was  received 
from  the  Public  Printer  in  completed  form  in  October,  1913. 
Annual  Report  of  the  Board  of  Regents  of  the  Smithsonian  InstltntioQ,  ehoir- 

Ing  operations,  expendltnres,  and  condition  of  the  Institution  for  the  year 

ending  June  30, 1912.    ill,  780  pp.,  72  pis.    (Pnbl.  2188.) 

Small  editions  of  the  following  papers,  forming  the  general  ap- 
pendix of  the  annual  report  for  1912,  were  issued  in  pamphlet  fono: 
The  year's  progress  Id  astronomy.    By  P.  Pulseux.    8  pp.     (Pnbl.  2189.) 
The  spiral  ndtulte.    By  P.  Pulseux.    10  pp.    (Publ,  2100.) 
The  radiation  of  the  sun.    By  C.  G.  Abbot.     1.3  pp.,  4  pis.     (Publ.  2191.) 
Molecular  theories  and  mathematics.    By  £;mlle  Borel.    20  pp.    (Publ.  2192.) 
Modem  mathematical  research.    By  G.  A.  Miller.    12  pr>.    (Publ.  2193.) 
The  connection  between  the  ether  and  matter.    By  Henri  Polncar£.    12  pp. 

(Publ.  2194.) 
Experiments  with  soap  bubbles.    By  C.  V.  Boys.    S  pp.,  1  pi.     (Pnbl.  21K.) 
Meflsnrements  of  infinltesimat  quantities  of  substances.    By  William  Ramny- 

U  pp.     (Publ.  2196.) 
The  latest  achievements  and   problems  of  the  chemical   industry-    By  Carl 

Dulsberg.    26  pp.     (Publ.  2107.) 
Holes  In  the  air.     By  W.  J.  Humphreys.    12  pp.,  2  pis.     (Pnbl.  2108.) 
Review  of  applied  mechanics.    By  L.  Lecomu.    16  pp.     (Publ.  2199.) 
Report  on  the  recent  great  emptlon  of  the  Tolcaoo  "  Stromboll."    By  FYank  A. 

PerreL    5  pp.,  0  pts.     (Publ.  2200.) 
The  glacial  and  postglacial  lakes  of  the  Great  Lakes  region.    By  Frank  B. 

Taylor.    37  pp.    (Publ.  2201.) 
Applied  geology.    By  Alfred  H.  Brooks.    24  pp.     (Publ.  2202.) 
The  relations  of  paleobotany  to  geology.    By  P.  H.  Knowlton.    6  pp.  (Pnbl 

2203.) 
Geopbydcal  research.    By  Arthur  L.  Day.    11  VV-     (Publ.  2204.) 
A  trip  to  Madagascar,  the  country  of  beryls.    By  A.  Lacrolx.    12  pp.    (PnU. 

2205.) 
The  fluctuating  climate  of  North  America.    By  Ellsworth  Huntington.    30  K*^ 

10  pis.     (PabL  2206.) 
The  surylval  of  organs  and  the  " culture"  of  living  tissues.    By  B.  Legeodre. 

8  pp.,  4  pis.      (Publ.  2207.) 
Adaptation  and  inheritance  in  the  light  of  modern  experimental  li 

By  Paul  Kammerer.    21  pp.,  8  pis.     (Publ.  2208.)  kjOO'^lc 
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Tbe  paleogeograpblcal   relations  of  autarcticu.    By   Charles  Hedley.    11   pp. 

(Pnbl.  2209.) 
Tbe  ants  and  their  guests.    By  P.  Bl  Wasmann.    20  pp..  10  pis.     (Publ.  2210.) 
Tbe  peDsnlns  or  the  eatarctlc  regions.    By  I,.  Gain.    8  pp.,  9  pis.     (Publ.  2211.) 
Tbe  derivation  of  the  Enropean  domestic  animals.    By  C.  Keller,    9  pp.    <Pub). 

2212.) 
Life:  Its  natare,  orl^,  uid  matDtenance.    By  E.  A.  Scbafec.    33  pp.     (PubL 

2213.) 
The  origin  of  life:  a  cheroiet's  fantasy.    By  H.  E.  Armstrong.    15  pp.     (PubL 

2214.) 
Tbe  appearance  of  life  on  worlds  and  the  bypotbeelsof  Arrhfinlus.    By  Alphonse 

Berget-    9  pp.     (Pnbl  2215.) 
The  evolution  of  man.    By  G.  Elliot  Smitb.    20  pp.     (Publ.  2216.) 
Tbe  hlstor;  and  varledeaof  human  speech.    By  Edwnrd  Sni^r.    23  pp.     (Publ. 

221T.) 
Andent  Greece  and  Ita  slare  population.    By  S.  Zaborowskl.    12  pp.     (Publ. 

2218.) 
Origin  and  evolntloD  of  the  blond  Europeans.    By  Adolpbe  Bloch.    22  pp.    (PubL 

2210.) 
HistoiT  of  the  fioger-print  system.    By  Bertbold  I.aufcr,    22  rP--  7  pis.     (Publ. 

222a) 
Urbanism:  A   historic,  geographic,  and  economic  study.    By   I'ierrc   Clergct 

35  pp.     (Publ.  2221.) 
Tbe  Sinai  problem.    Bj  E.  Oberbummcr.    0  pp.,  3  pis.     (Publ.  2222.) 
Tlie  music  of  primitive  peoples  and  Ujc  beginnings  of  European  music.     By 

Willy  Pastor.    22  pp.     (Publ.  2223.) 
EspedltloQ  to  tbe  South  Pole.    By  Roald  Amundsen.    16  pp.     (Publ,  2224.) 
Icebergs  and  their  location  tn  navigation.    By  Howard  T.  Barnes.    24  pp..  3  pis. 

(Publ.  2225.) 
Henri  PoincnrO,  bis  sclentlflc  work,  his  philosophy.     By  Charles  Nordmann. 

23  pp.     (Publ.  2226.) 

Report  for  1913. 

The  report  of  the  executive  committee  and  proceedings  of  the 
Board  of  Begents  of  the  Institution,  as  well  as  the  report  of  the 
Secretary  for  the  iiscal  year  ending  June  30, 1913,  both  forming  part 
of  the  annual  report  of  the  Board  of  Kegents  to  Congress,  were  pub- 
lished in  pamphlet  form  in  November  and  December,  respectively, 
1913,  as  follows: 
Beport  of  the  executive  committee  and  proceedings  of  Hie  Boitrd  of  Kei;:Ptils 

for  tbe  year  ending  June  30,  1913.    21  pp.     (Publ.  2250.) 
Report  of  tbe  Secretary  of  tbe  Smltbsoulnn  Ini^tltullon  for  the  year  cntlitig 

June  30,  1913.    111.  119  pp..  1  pi.     (Publ.  2249.) 

The  general  appendix  to  the  Smithsonian  Beport  for  1913  was  in 
type,  but  actual  presswork  was  not  completed  at  the  close  of  the  fiscal 
year.     In  the  general  appendix  are  the  following  papers: 
Tbe  earth  and  sun  as  magnets,  by  (Seorge  E.  Hale. 
TlK  reaction  of  the  planets  upon  the  sun.  by  P.  Puiseux. 
Becent  progress  In  astrophysics,  by  C.  G.  Abbot 
Tbe  earth's  magnetism,  by  L.  A.  Bauer. 
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Modem  ideas  on  tbe  end  of  the  world,  by  Ooatav  Janmana. 

Becent  derelopmeDtB  In  electromagnetlBin,  by  Eugene  Bloch. 

Wireless  traasmlaslon  of  energy,  by  Blttan  Tbomson. 

OH  films  on  water  and  on  mercury,  by  Henri  Devaax. 

Water  and  Tolcanlc  actiTlty,  by  Arthur  L.  Day  and  B.  8.  Bhepherd. 

Ripple  marks,  by  Cb.  Bpry. 

Notes  on  the  geological  history  ot  the  walunts  and  hickories,  by  Edward  W. 

Berry. 
The  formation  of  leafmold.  by  Frederick  V.  Covllle, 
The  development  of  orchid  cultivation  and  Its  bearing  upon  eroluUonary  tbeorlea, 

by  J.  Costanda 
The  manufactare  of  nitrates  from  the  atmosphere,  by  Bmest  Kllbnm  Scott 
The  geologic  history  of  Chinn  and  Its  influence  upon  the  Chinese  people,  by 

EHot  Blackwelder. 
The  problems  of  heredity,  by  E.  Apert. 
Habits  of  Bddler-crabB,  by  A.  S.  Pcarse. 
The  abalones  of  California,  by  Charles  L.  Edwards. 
The  value  ot  birds  to  man,  by  James  Buckland. 
Experiments  in  feeding  taammlngblrds  during  seven  sammers,  by  Althea  B. 

Sherman. 
What  the  American  Bird  Banding  Association  has  accomplished  during  1912, 

by  Howard  H.  Cleaves. 
The  whale  fisheries  of  the  world,  by  Charles  Rabot 
The  most  ancient  skeletal  remains  of  man,  by  Alefi  HrdllAa. 
The  redistribution  of  mankind,  by  H.  N.  Etlckson. 

The  earliest  formB  ojt  humau  habitation,  and  their  relation  to  the  general  de- 
velopment of  civilization,  by  U.  Hoemes. 
Feudalism  In  Persia ;  its  origin,  development,  and  present  condition,  by  Jacqaea 

de  Morgan. 
Shintoism  and  Its  significance,  by  K.  Eanokogi. 
The  Miooan  and  Mycenaean  element  in  Hellenic  life,  by  A.  J.  Evans. 
Fl&meleae  combustion,  by  Carleton  E111& 

Problems  tn  smoke,  fume,  and  dust  abatement,  by  F.  G.  Cottrell. 
Twenty  years'  progress  In  marine  construction,  by  Alexander  Grade. 
Creating  a  subterranean  river  and  supplying  a  metropolis  with  mountain  water, 

by  J.  Bernard  Walker  and  A.  Russell  Bond. 
The  application  of  the  physiology  of  color  vision  In  modem  art,  by  Heniy  G- 

Keller  and  J.  J.  B.  Macleod. 
Fundamentals  of  housing  reform,  by  James  Ford. 
The  economic  and  social  rfile  ot  ftisblon,  by  Pierre  Clerget 
The  work  of  J.  von't  Hoff,  by  G.  Brunl. 

SPECIAL  PUBLICATIONS. 
The  following  publications  were  issued  in  octavo  form: 

Classified  list  of  Smithsonian  publications  available  for  distribution  April  2B, 

1914.    Published  April  26.  1914.    vl+32  pp.     (Pnbl.  2268.) 
Publications  of  the  Smithsonian  Institution  Issued  between  January  1  and  Jnoe 

30,  1913.    July  15,  1913.    2  pp.     (Publ.  222a) 
Publications  of  the  Smithsonian   Institution  Issued  between  January  1  lad 

September  30,  1913.    October  14, 1913.    4  pp.    (Pnbl.  2244.) 
Publications  of  the  Smithsonian  Institution  Issued  betwcoi  January  1  and 

December  31,  1913.    January  22,  1914.    4  i^.    (Pnbl.  226T.) 
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PnblluUotui  Isaoed  bj  the  SmlOmoalan  Inetltatlon  between  Januat?  1  and 

Mireh  31,  1914.    April  10,  1914.    1  p.     (Pnbl.  2267.) 
OpinioDB  rendered  by  tbe  laternatlonal  Commission  on  Zoological  Nomenclature, 

Opinions  67-65.    MaKh  28,  1914.    Pp.  131-169.    (Publ.  2256.) 
An  tccoant  ot  tbe  exercises  on  the  occbsIoq  of  tbe  presentation  of  tbe  Langler 

Uedal  nnd  the  unvelllns  of  the  Langle;  Memorial  Tablet,   May  6,  1913, 

lododlng  tbe  addressee.    October  13,  1913.    26  pp.,  4  pis.    (Publ.  2233.) 

Barriman  Alatka  seriet. 

ToL  14.  Monograph  of  sballow-water  starfiabes  of  the  north  Faclflc  coast  from 
tbe  Arctic  Ocean  to  CaUfomla.  Part  I,  text;  part  II,  plates.  By  Addison 
Emery  VerrlU.    April  90, 1914.    ili+408  k>.,  110  pis.    (Pobl.  2140.) 

PDBLICATIONS  OP  THE  UNITED  STATES  NATIONAL  MUSEtfM. 

The  publications  of  the  National  Museum  are;  {a)  The  annual 
report  to  Congress;  (b)  the  proceedings  of  the  United  States  Na- 
tional Museum;  and  (c)  the  buUetin  of  the  United  States  National 
Huseiun,  which  includes  the  contributions  from  the  United  States 
National  Herbarium.  The  editorship  of  these  publications  is  vested 
in  Dr.  Marcus  Benjamin. 

The  publications  issued  by  the  National  Muaeum  during  the  year 
comprised  49  papers  of  the  proceedings,  2  annual  reports,  9  bulletins 
and  parts,  and  9  parts  of  Contributions  from  the  National  Her- 
barium. 

The  issues  of  the  proceedings  were  as  follows:  Vol.  15,  papers 
1976,  1985,  2005,  2006,  and  2007;  vol.  46,  papers  2008  to  2042,  in- 
clusive; voL  47,  papers  2013  to  2051,  inclusive;  Annual  Report  of 
the  United  States  National  Museum  for  1912;  and  Annual  fieport  of 
the  United  States  National  Museum  for  1918. 

The  bulletins  were  as  follows : 
Balletln  50,  part  6.  Birds  of  Nortb  and  Middle  America.    By  Robert  Rldgway. 
Bnlletln  71,  part  3,  A  monograpb  of  tbe  Foramlntfera  of  the  North  Padfle 

Ocean,  Part  III,  Lagenldie.    By  JoBq>b  Anguatine  Cusbman. 
Bolletta  71,  part  4,  A  monograpb  of  tbe  Foraminlfera  of  tbe  North. Pacific 

Ocean,  Part  IV,  Cbllostomellids,'  Globlgerinlda,  Nommulltlde.     By  Joseph 

Aoguadne  Cnsbman. 
Balletln  80.  A  descriptive  acconnt  of  the  ballding  recently  erected  for  the  de- 
partments of  natural  history  of  the  United  States  National  Mnseum.     By 

BIchard  Rathbnn. 
BnOetin  83.  Type  ^tedea  of  t^  gmera  of  Ichnenmon  flies.     By  Henry  L. 

\1ereck. 
Bulletin  84.  A  contribution  to  tbe  stndy  of  Ophlurans  of  tbe  United  States 

National  Hnsenm.    By  Rrae  Koebler. 
Bnlletln  86.  A  monograph  of  tbe  Jnmpli^  plant  lice  or  Psyllldn  of  the  New 

World.     By  David  L.  Crawford. 
Bulletin  86.  A  monograph  of  the  genus  Ghordelles  Swalnson,  type  of  a  new 

family  of  goatsDcfeers.    By  Harry  C.  Oberholser. 
Bnlletlo  87.  Cnltnie  of  tbe  andent  pueblos  of  the  upper  Qlla  River  r^lon. 

New  Mexico  and  Arizona.    By  Walter  Hough. 
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In  the  series  of  Contributions  from  the  National  Herbarium  there 
appeared : 

Volume  IB. 
Part  IIX  Annona  sericea  and  Its  alllea    By  William  E.  SaOord, 
Part  11.  Nomenclsture  of  the  Sapote  nnd  the  Sapodllla.    By  O.  F.  Cooli. 
Part  12.  A  monograpb  of  the  Hauyeie  and  Gongylpcarpee,  tribes  of  the  Ou- 

graces.    By  J.  Donald  Smith  and  J.  N.  Rose. 
Pert  13.  Botrycblum   vlrglalanum   and   Its  forms  Spbenoclea   Beylanlca    and 

Cuperonla  paluBtrle  In  the  southern  Un!te<l  States.    By  Ivar  Tldestrom. 

VohiwK  17. 
Part  3.  Mejican  grttsaeB  In  the  United  States  National  Herbarium.    By  A.  S, 

Hitchcock. 
Part  4.  Studies  of  tropical  American  ferns.    By  William  R.  Mason. 
Flirt  5.  Studies  of  tropical  American  Pbenerogams — No.  1.    By  Paul  C.  Standley. 

rolwne  18. 
Part  1.  Classlflcntlon  of  tbe  genun  Aanona  with  deacrlpdong  of  new  and  imper 

fectly  kuown  spedee.    By  W.  B.  SaEFord. 
Part  2.  New  or  noteworthy  plants  from  Colombia  and  Central  America— 4. 

By  Hwiry  Pittler. 

There  was  aUo  reprinted  an  editi(si  of  200  copies  each  of  parts 
A,  K,  and  P  of  Bulletin  39,  United  States  National  Moseiun,  direc- 
tione  for  collecting  birds,  by  Robert  Kidgway,  directioDS  for  collect- 
ing and  preparing  fossils,  by  Charles  Schuchert,  directions  for  col- 
lectors of  Ammcan  basketry,  by  Otia  T.  Maaon;  an  edition  of  500 
copies  of  Bulletin  67,  directions  for  colleoting  and  preservitig  insects, 
by  Nathan  Banks  j  an  edition  of  2,000  copies  of  list  of  publications 
issued  by  the  United  States  Natiwial  Museum  from  1906  to  1912, 
reprinted  from  annual  reports  with  altered  pagination;  and  an  edi- 
tion of  1,300  copies  of  a  list  of  publications  of  the  United  States 
National  Museum  issued  during  the  fiscal  year  1912-13,  reprinted 
from  the  annual  report  with  altered  pagination. 

PUPLICATIONS   OF   THE   BUREAU   OF   AMERICAN   BTHNOLOGt. 

The  publications  of  the  bureau  are  discussed  in  Appendix  2  of  the 
Secretary's  report.  The  editorial  work  is  in  the  charge  of  Mr.  J.  G. 
Gurley,  who  has  been  assisted  from  time  to  time  by  Mrs.  Frances  S. 
Nichols. 

Two  bulletins  and  a  "  separate  "  from^nother  bulletin  were  issued 
during  the  year,  as  follows: 

Bulletin  !:>3.  Chippewa  music— II.    By  Frances  Densmore. 

Bulletin  DS.  Ethnozoology  of  the  Tewa  Indians.     By  Junius  HendersoD  and 
John  P.  Harrington. 

Coos:  An  UluBtratlve  sketclL     By  I^eo  J.  FracbtenberK-     Extract  from  Band- 
booh  of  American  Indian  LanKuaBeA  (Bulletin  40),  part  2. 
At  the  close  of  the  year  two  annual  reports  and  several  bnlletinB 

were  in  press. 
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Volume  111,  AnnaTB  of  the  SmlthBoalan  Astrophystcal  Observntory,  by  C.  G. 
Abbot,  F.  B.  Fowle,  and  L.  B.  Aldrlch.  Jnly  16,  1913,  xl+241  pp..  7  pis. 
(PobL   2230.) 

PUBLICATIONS   OF   THE   AMEBICAN   HISTOHICAL   ASSOCIATIOX. 

The  annual  reports  of  the  American  Historical  Association  are 
transmitted  by  the  association  to  the  Secretary  of  the  Smitlisonian 
Institution,  and  are  conununicated  to  Congress  under  the  provisions 
of  the  act  of  incorporation  of  the  association. 

Volumes  1  and  2  of  the  annual  report  for  1911  were  published 
November  10,  1913,  and  January  14,  1914,  respectively,  with  con- 
tents as  follows: 

Volume  I. 

B^Mit  of  tbe  proceedings  of  the  twenty -seven  Ui  unmml  uieetlDg  uf  the  Amnri' 

can  Historical  AsBOciatlon.     By  Waldo  G.  Iceland,  secretary. 
RQX>rt  of  the  proceedings  ot  the  eighth   annunl   meeting  of  tUi-  raclflc  coHSt 

bmncb.    By  HL  W.  Edw.^rdB,  secretury  of  the  brancb. 
The  arctilTes  of  tbe  Venetliin  Republic.    By  Theodore  F.  Jones. 
Materials  for  the  blstoiy  of  Germany  Id  tbe  sixteenth  and  xeventeeiitb  een. 

tnrles.    By   Sfdn^   B.    Fsy. 
The  materials  for  the  study  of  the  E^llsh  cabinet  in  the  eightwntb  century. 

By  Bid  ward  Baymond  Turner. 
Fraogols  de  Gniae  and  tbe  taking  of  CnlalB.    By  Pnul  van  Dyke. 
Fnctloos  In  the  English  privy  council  under  Elizabeth.     By  Conyers  Itend. 
Anglo-putcb  relations,  1G71-72.     By  Bdwlu  W,  Pnhtow. 

American- Japanese  Intercourse  prior  to  the  advent  of  Perry.     By  IniiKo  Nitobe. 
Colonial  society   In  America.     By   Bernard   Moses. 

French  dliriomacy  and  Amerlciin  politics,  ITIM-OS.     By  James  Alton  James. 
The  Inmrgents  of  1811.    By  D.  R.  Anderson. 

Tbe  tariff  and  the  public  lands  from  IS28  to  1S33.    By  Raynor  G.  Wellington. 
The  "Bargain  of  1844"  ns  tbe  origin  of  the  Wllmot  proviso.     By  C'larlc  E. 

Perslnger. 
Monroe  and  tbe  early  Mexican  revolutionary  agents.    By  Isaac  Joslin  Cox. 
Public  oi)lnlon  in  Texas  preceding  the  Revolution.    By  Eugene  C.  Barker. 
B^Rtlons  of  America  with  Si>anlsb  America,  1T20-1T44.    By  H.  W.  V.  Tem- 

periey. 
Tbe  genesis  of  tbe  Confederation  of  Canada.     By  Cejihas  D.  Alllii. 
Proceedings  of  the  eighth  annual  conference  of  historical  societies. 
List  of  European  historical  societies. 
Twelfth   report  of   the  public  archives  commission.     By   Herman    V.   Ames, 

cbalrmao. 

Appendix  A.  Proceedings  of  the  third  annual  conferaice  ot  archivists. 
Appendix  B.  Rei>ort  on  the  archives  of  the  State  of  Colorado,     By  James 

F.   fflUard. 
Appendix  C.  List  3f  commissions  and  Instructions  to  governors  and  lieuten- 
ant governors  of  American  and  West  Indian  Colonies,  1609-lTS'l. 
WrlUngs  on  Amerlc.m  hlstor}-.  1011.    By  Grace  O.  Giiffln. 
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TotutHe  tl. 
Nlntb  report  Of  tbe  historical   mannsciiptB  commlBSlon :   Correepoodence  of 

A]«xnniler  StepbeoB,  Howell  Cobb,  and  Bobert  Toomba. 

The  report  for  1912  was  sent  to  the  printer  on  January  31,  1911, 
and  at  the  close  of  the  year  was  nearly  ready  for  distribution.    The 
contents  are  as  follows: 
Report  of  tbe  proceedings  of  tbe  twenty-elghtb  aooual  meetltig  of  tbe  American 

Historical  ABsocfatlcm. 
'    Report  of  tbe  proceedings  of  tbe  nintta  annual  meeting  of  tbe  Pacific  coast 

brancb.    Bjt  H.  W.  Edwards,  secretar;  of  tbe  brancb. 
Royal  finances  of  tbe  reign  of  Hear;  III.    By  Henry  L.  Gannon. 
Antecedents  of  tbe  Quattrocento.     By  Henry  O.  Taylor. 
Tbe  new  Columbua.    By  Henry  P.  Blggar. 
The  charter  of  Connecticut    By  Clarence  W.  Bowen. 
Tbe  enforcement  of  the  ulten  iind  sedition  acts.    By  Frank  M.  Anderson. 
The  reviewing  of  historical  books.    By  Carl  Becker. 
Briefer  papers  read  in  conferences : 

A.  Libya  as  a  field  of  resenrcb.    By  Ork  Bates. 

B.  The  International  character  of  commercial  history.    By  Abbolt  P.  Usher. 

C.  Some  new  manuscript  sources  for  the  history  of  modem  commerce.     By 

N.  S.  B.  Gras. 

D.  The  study   of   South  American  commercial    history.    By   Charles   I» 

Chandler. 
K  On  tbe  economics  of  slavery,  1816-1860.    By  Ulricb  B.  PIillllpB. 
P.  On  the  history  of  Pennsylvania,  1815-1860.    By  P.  Orman  Ray. 
G.  Historical 'research  In  the  far  weaL    By  Katherlne  Coman. 
Proceedings  of  the  conference  on  military  history. 
Proceedings  of  the  ninth  annual  conference  of  historical  socleUee; 

Genealogy  and  history.     By  Charles  K.  Bolton. 
Tbe  MaBSacbusetta  Historical  Society..  By  Worthlngton  C.  Ford. 
Appendix :  Reports  of  historical  societies,  1912. 
Thirteenth  report  of  the  Public  Archives  Commission: 
Appendix  A.    Proceedings  of  the  fourth  annual  conference  of  arddrlsts. 
Plan  and  scope  of  a  "  Manual  of  Archival  Economy  for  the  use  of  American 

Archivists."    By  Victor  H.  Palsits. 
Some  fundamental  principles  in  relation  to  archives.    By  Waldo  G.  Leland. 
The  adaptation  of  archives  to  public  use.    By  Dunbar  Rowland. 
Appendix  B.    Report  on  the  archives  of  the  State  of  Louisiana.    By  Prof. 

William  O.  Scroggs. 
Appendix  C.    Report  on  tbe  archives  of  the  State  of  Montana.    By  PanI  C. 
PbiUlpe. 
Classified  list  of  publications  of  the  American  Historical  Association,  1885-1912. 
Tenth  rejK>rt  of  the  historical  monuscrlpts  commission ; 
Letters  of  William  Vans  Murray  to  John  Quincy  Adams,  179T-J803.    Edited 
by  Worthlngton  C.  Ford. 


The  manuscript  of  the  Sixteenth  Annual  Beport  of  the  National 
Society  of  the  Daughters  of  the  American  Revolution  for  the  year 
ending  October  11,  1913,  was  commmiicated  to  Congress  June  16, 
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The  ecUtor  has  continued  to  serve  as  secretary  of  the  Smithsonian 
idTisory  committee  on  printing  and  publication.  To  this  committee 
have  been  referred  the  manuscripts  proposed  for  publication  b;  the 
Tarious  branches  of  the  Institution,  as  well  as  those  offered  for  print- 
ing in  the  Smithsonian  publications.  The  committee  also  considered 
totms  of  routine,  blanks,  and  various  matters  pertaining  to  printing 
and  publication,  including  the  qualities  of  paper  suitable  for  text 
and  plates.  Twenty  meetings  were  held  and  121  manuscripts  were 
acted  upon. 

Respectfully  submitted. 

A.  Howard  Clark,  Editor. 

Dr.  Chabi,e8  D.  Walcott, 

Secretary  of  the  STniihsorvUm  Inatitutioti. 
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REPORT  OF  THE  EXECDTIVE  COMMITTEE  OF  THE  BOARD  OF 
REGENTS  OF  THE  SMITHSONIAN  INSTITUTION  FOR  THE  YEAR 
ENDINGJUNE  30,1914. 


To  the  Board  of  Regents  of  the  Smithaoman  Institution:  ■ 

Your  execatire  committee  respectfuUy  submits  the  following  re- 
port in  relation  to  the  funds,  receipts,  and  disbursements  of  the 
Institution,  and  a  statement  of  the  appropriations  by  Congress  for 
the  Xational  Museum,  the  International  Exchanges,  the  Bureau  of 
American  Ethnology,  the  National  Zoological  Park,  the  Astro- 
physical  Observatory,  and  the  International  Catalogue  of  Scien- 
tific Literature  for  the  year  ending  June  30,  ldl4,  together  with 
balances  of  previous  appropriations: 

SMITHSONIAN    INSTITUTION. 

Condition  of  the  fund  July  J,  JSI4. 
The  permanent  fund  of  the  Institution  and  the  sources  from  which 
it  has  been  derived  are  as  follows: 

DEPOSim)  ID   THE   TBEABDBT  OP  THE  UNITED  BTATSa. 

Beqnest  of  SmithBon,  1846 WIS,  169.00 

Reslduarr  legacy  of  Smlthson,  186T 2e,210.<3 

Deposit  from  savinf^  of  income,  1887 _  108,620.37 

Beqnest  of  James  Hamilton,  1876 $1,000,00 

Accumulated  Interest  on  Hamilton  fund.  1895 -_    1.000.00 

2,000.00 

Beqoest  of  Simeon  Babel,  1880 600.00 

Deposits  from  proceeds  of  sale  of  bonds.  1881 Sl.SOaoo 

Gift  of  Thomas  Q.  HodgWna.  1891 200,OOaOO 

Part  of  residnary  legac;  of  Tbomas  O.  Hodgklns,  18»4 8,000.00 

Deposit  from  savings  of  Income,  1908 26,000.00 

R«slduHry  legacy  of  TbomaB  O.  Eodgias,  1907 7,018.« 

Deposit  from  savings  of  Income,  1913 638.W 

Bequest  of  William  Jones  Rhees,  1913 251.B6 

Deposit  of  proceeds  from  sale  of  real  estate  (gift  of  Robert  Stan- 
ton Avery),  1913 9,692.4! 

Beqnest  of  Addison  T.  Eeld,  1914 4.79B.91 

Deposit  of  savings  from  income  of  Avery  bequest,  1914 S0(.09 

Total  amount  of  fund  in  tbe  United  States  Treasury 900,000.00 


Registered  and  gaaranteed  bonds  of  tbe  West  Shore  Railroad  Go.. 
part  of  legacy  of  Thomas  G.  Hodgktns  (par  valne) 42,000.00 

Total  permanent  fund I.002,GOaOO 

Also  three  small  pieces  of  real  estate  located  In  tbe  District  of  Oolombla  aad 
bequeathed  by  Robert  Stanton  Avery,  of  Washington,  D.  C.      -.  . 
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That  part  of  the  fund  deposited  in  the  Treasury  of  the  United 
States  bears  interest  at  6  per  cent  per  annum,  under  the  prot^sions  of 
the  act  of  Congress  of  August  10,  18-16,  organizing  the  Institution, 
and  the  act  approved  March  12,  1894.  The  rate  of  interest  on  the 
West  Shore  Railroad  bonds  is  4  per  cent  per  annum.  The  real  estate 
received  from  Robert  Stanton  Avery  is  exempt  from  taxation  and 
yields  only  a  nominal  revenue  from  rentals. 

BMemenI  of  receipSa  and  dUburtemmti  from  July  1,  1913,  to  June  SO,  ISH, 


Gaab  on  deposit  July  1,  WIS J33.641.40 

Interest  on  fiiud  depo^ilted  In  IJuited  Slates  TreiiDury. 

doe  July  1, 1B13,  aud  Jan.  ].  ]014_ JS7,:)H.20 

Interest  on  West  Sbore  Railroad  bouils.  due  July  1, 

1913,  and  Jan.  1,  1914 l.flSO.OO 

R^«yni«ita.  rentals,  publications,  etc__  _  _  _        9.tt3K.l4 

Contributions  from  various  sources  for  B|jeoillC|iiirpoH«s-    17.^54.20 

Beqneat  o(  Addison  T.  Reld. 4,795.61 

«0,9S2.M 


124.623.94 


DIsmjBREMEnTS. 

Buildings,  care  and  repnlra Sr>,57S 


Furniture  aud  fixtures .       .__ __ 

1. 7r.5.  91 

General  expenses: 

Salaries 

?IS.1«0.72 

Meetings .          -- 

H)2. 0» 

Stationery 

, 743.25 

-   BfM.87 

Freight : 

100.31 

24.  IW."!.  G7 

Publications  aud  tbelr  distribution : 

ContributloiiB  to  KnuwU'ilKe 

iir,.oo 

Miscellaneous  collections 

r.,S<M.28 

ReportH _  .             _ 

-    .-                 ((17.43 

Special   publlcfltloua 

454.88 

Publication    supplies. 

- 770.92 

SalarlcH _,  , 

9,071. 4S 

14.  709. 99 
10, 142.  88 

Explorations,  rt'searches,  and  collcctlonH.. . 



Hodgklns  speclflc  fund,  researchofi.  and  iiubllcallons 6,001.80 

International  Exc'banges ._  ._.._.__  .       _       __  4,752.TO 

Gallery  of  Art 431.80 

Advances  for  field  exiteuses,  etc 11,431.40 
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Deposited  to  credit  o(  i>eriDBiieat  fund , $5,000.00 

Laogley  Aerodfnamlcnl  I^nboratorj 733.73 

94.063.81 
BalsDce,  June  30,  1914,  depoatted  with  the  Trens- 

urer  at  the  United  Slatea 130,360. 13 

Caah  on  hand 300.00 

124,e23.M 

By  authority  your  executive  committee  again  employed  Mr.  Wil- 
liam L.  Yaeger,  a  public  accountant  of  this  city,  to  audit  the  receipta 
and  disbursements  of  the  Smithsonian  Institution  during  the  period 
covered  by  this  report.  The  following  certificate  of  examination 
supports  the  foregoing  statement  and  is  hereby  approved : 

EXECUTITB   COUkilTTEB,    BoABD    Or   ReOENTB, 

Bmithaonian  Institution. 
SiBs :  I  have  examined  tbe  accounts  and  vouchers  of  tbe  SmlthsoDlan  Instltn- 
tlon  for  tbe  fiscal  year  ending  June  30,  1914,  and  certify  the  following  to  be  a 
correct  statement: 

Total  dlsbarsements $04, 063.  SI 

Total  reeelptB 90,982.64 


Bxcees  of  dlsbursemente  over  receipts 3,081.27 

Amount  from  July  1,'1913 33,641.40 


Balance  On  hand  June  30,  1014.. 


Caah  on  band SOO.OO 

True  balance  June  30, 1014 30, 500. 13 

Tbe  voucbera  representing  paymoitB  from  tbe  Smltbsoolao  Income  during  dw 
year,  each  of  wbicb  bears  tbe  approval  of  the  secretary,  or.  In  his  absence,  of 
the  acting  secretary,  and  a  certificate  that  tbe  materialR  and  services  charged 
were  applied  to  the  purposes  of  tbe  Institution,  have  be«i  examined  In  connec- 
tion with  tbe  books  of  the  Institution  and  agree  with  them. 

(Signed)  WiLLiAU  L.  Tadoek, 

PtthOc  Accountant  and  Auditor. 
August  10,  1914. 
Certified  n  true  copy. 

W.  I.  Adaub, 
Accountant,  Smilhgonta*  InttUutio*. 
All  moneys  received  by  the  Smithsonian  Institution  from  interest, 
sales,  refunding  of  moneys  temporarily  advanced,  or  otherwise,  pre 
deposited  with  the  Treasurer  of  the  United  States  to  the  credit  of 
the  Institution,  and  all  payments  ere  made  by  checks  signed  by  th« 
secretary. 

The  expenditures  made  by  the  disbursing  agent  of  the  Institution 
and  audited  by  the  Auditor  for  the  State  and  other  Departments  are 
reported  in  detail  to  Congress  and  will  be  found  in  the  printed 
document.  ~  i 
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your  committee  also  presents  the  following  summary  of  appro- 
priations for  the  fiscal  year  1914  intrusted  by  Congress  to  the  care 
of  the  Smithsonian  Institution,  balances  of  previous  appropriations 
at  the  beginning  of  the  fiscal  year,  and  amounts  unexpended  on  June 
80,  1914: 


*• 

Juno  30, 
IBH. 

*''«sess^£^r^^?s^!*.'*^r!^!^^^":"'^; 

32.IXO.00 
SO.  5(1 

41.000.01 

sa 

13.000.00 
15,000.110 

7,800.00 
1.M 

'iM.BS 

SffiSS 
i!:SS 

sm.oaam 

2,000.00 

5oaoo 
.™ol 
i'.m'.2r, 

9,4S^7S 
ltl!z».02 

^gSi±;l|:::::::::::::::::::::::;::;:::::;;::::;::;::::;:::: 

'Vl\ 

ifcf?2S»!Si^'ii'S"'S™ 

.i.ei3,g 

ljrt^|«jDg^PBrli,1913 

iCarrind  locradltaf  surplus  luod. 

SlalentenI  of  entimalrd  innomc  from  thf  itmitknoniaa  fund  and  from  other 
tottrces,  accrved  and  pronjiecHfc,  aeaitable  during  the  /l»val  pear  ending  June 
SO.  1915. 

BaUnee  June  30,  lfll4 $30,500.13 

iDterest  on  Tiind  (1ei>oHlted  In  United  Ktiiten  Trviifliirr, 

diieJuIy],ini4,an(lJan.  1,101.1 $57,030.00 

Interest  on  West  Shore  Itnilmnd  IioiiiIh,  dim  July  1, 1014, 

and  Jan.  1,  Iftlfi. , 1,080.00 

Excbange  re[>ariuenis,  mile  ft  jnibllcatlonn,  r^fiiiid  of  od- 


9,  etc— 


13,8; 


Deposits  for  e|>«.'l(lc  ixirpoaeti 12,400.00 


Total  nvailiible  fiiryenr  ending  J uW>  30, 1915 ^ 110, 1(17.08 

Respectfully  submitted. 


Washington,  D.  C., 


Alexander  Grahau  Bell, 
MAURirE  Connolly, 

Executive  Committee. 


PROCEEDINGS  OF  THE  BOARD  OF  REGENTS  OF  THE  SMITH- 
SONIAN INSTITUTION  FOR  THE  FISCAL  YEAR  ENDING  JUNE 
30, 1914.  

ANKTTAL  KSXTINa,  JANUABT  16,  1914. 

Present:  The  Hon.  Edward  D.  White,  Chief  Justice  of  the 
United  States,  chancellor,  in  the  chair;  the  Hon.  Thomas  B.  Marshall, 
Vice  President  of  the  United  States;  Senator  A.  O.  Bacon;  Senator 
Henry  Cabot  Lodge;  Senator  William  J.  Stone;  Bepreeentative 
Scott  Ferris;  Representative  Maurice  Connolly;  Bepreemtative 
Ernest  W.  Boberts;  Dr.  Andrew  D.  White;  Dr.  A.  Graham  Bell; 
Judge  George  Gray ;  Mr^  John  B.  Henderson,  jr. ;  and  the  secretary, 
Mr.  Charles  D.  Walcott. 

The  chancellor  explained  that  this  was  the  annual  meeting 
adjourned  from  December  11,  1913. 

DEATH  OP   REGENT. 

The  secretary  announced  the  death,  on  December  23,  1913,  of  the 
Hon.  Irvin  S.  Pepper,  Member  of  the  House  of  Bepresentatives, 
who  was  originally  appointed  Begent  in  December,  1911,  and 
reappointed  December  10,  1913,  for  the  ensuing  two  years. 

Mr.  Ferris  submitted  the  following  resolution,  which  was  adopted: 
Wbereaa  tbe  Board  of  Regents  of  the  Smitbeoolaa  iDBtltutlon  taBiing  learaecl 

of  tbe  deutli,  un  Dec-ember  22,  191S,  of  tbe  Hon.  IrviD  S.  Pepper.  Member  of 

the  Houee  of  Rejtrefientatives  and  a  Regent  of  the  Institution  since  December, 

1911 :  Therefore  he  It 

Re»olved,  That  the  bonnl  desire  here  to  record  their  sorrow  at  tbe  loss  of  a 
eollengne  whose  untimely  dentta  terminates  a  career  filled  with  promise  and 
whose  Interest  In  the  atTalrs  of  the  Institution  made  blm  a  most  valuabla  member 
of  the  Iward. 

APPOINTMENT  OF  REGENTS. 

The  secretary  annoimced  the  appointment  by  the  Speaker  of  the 
following  Members  of  the  House  of  Representatives: 

The  Hon.  Scott  Ferris,  reappointed. 

The  Hon.  Maurice  Connolly,  to  succeed  Mr.  Pepper,  deceased. 

The  Hon.  Ernest  W.  Boberts,  to  succeed  Mr.  John  Dalzell,  whose 
term  of  office  had  expired. 
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EXKOIITIVE   COMMITTKK    VACANCY. 

On  motion,  the  following  resolution  was  adopted: 
Retotced,  That  the  vacancy  in  the  ueoibersbtp  of  tho  executive  committee  be 
filled  by  tbe  electlou  of  the  Hon.  Maurice  Counolly. 

BE80I.UTI0N  RELATIVE  TO  INCX)MB  AND  EXPENDITtlRB. 

Senator  Bacon,  chairman  of  the  executive  committee,  offered  the 
following  resolution,  which  was  adopted : 

Retailed,  That  the  Income  of  the  IiiHtitutlon  for  the  flsciil  year  endhis 
June  30, 191S,  be  appropriated  for  the  tien-lce  of  the  Institution,  to  be  expended 
by  the  secretary  with  tbe  advice  of  the  executive  committee,  with  full  disi'retlun 
on  the  part  of  the  secretary  aa  to  Items. 

ANNUAL  HBPOHT  OF   THE   EXECUTIVE   COMMirrEK. 

Senator  Bacon,  chairman,  submitted  the  repoi't  of  tlie  executive 
committee  for  the  fiscal  year  ending  June  '"^O,  11)13. 
On  motion,  the  rei>ort  was  adopted. 

ANNl'AL  REPORT  OP  THE   PERMANE>'T  COMMITTEE. 

Eodgkina  fund. — This  fund  has  undergone  no  changes  since  the 
last  report.  The  following  allotments  have  been  made  from  its 
revenues  during  the  year ; 

To  Mr.  C.  G.  Abbot  and  Dr.  Angstrom  for  conducting  experi- 
ments in  nocturnal  radiation. 

By  formal  action  of  the  board,  certain  allotments  were  authorized 
for  inmiediate  use  in  inaugurating  the  work  of  the  proposed  Langley 
Aerodynamical  Laboratory, 

The  board  will  i-ecall  that  in  connection  with  the  International 
Congress  on  Tuberculosis,  held  in  the  Xational  Museum  in  1908,  the 
Institution  offered  a  Ilodgkins  prize  of  $1,.'>00  for  the  best  treatise 
(Hk  "The  Relation  of  Atmospheric  Air  to  Tuberculosis."  Nearly  a 
hnndred  papers  were  submitted,  and  after  a  most  exhaustive  exam- 
ination of  the  essays  by  all  tlie  members  of  the  advisory  committee, 
which  for  various  reasons  encountered  many  delays,  the  awai-d  has 
been  made,  and  the  prize  divided  equally  between  Dr.  Guy  Hinsdale, 
of  Hot  Springs,  Va.,  for  his  paper  on  "  Tuberculosis  in  Relation  to 
Atmospheric  Air,"  and  Dr.  S.  Adolphus  Knopf,  of  New  York  City, 
whose  essay  is  entitled  "On  the  Relation  of  Atmospheric  Air  to 
Tuberculosis." 

Avery  bequest. — Two  of  the  parcels  of  land  included  in  this  be- 
quest have  been  sold  for  a  total  of  $9,69:i.4'2,  which  sum  has  been 
deposited  to  the  credit  »t  the  permanent  fund  of  the  Institution  in 
the  United  States  Treasury. 
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known  ss  tbe  "  Isaac  Lea  collcctloo,"  In  Uie  departmoit  of  mollualu  la  eaid 
BmlthBoatan  iDBtltutlon. 

The  Biter  Fitzgeraid  heqaest. — ^The  will  of  Mr.  Fitzgerald,  of 
Philadelphia,  who  died  in  1911,  dated  May  19,  1910,  and  drst 
brought  to  the  attention  of  the  Institution  in  March,  1913,  contains 
an  item  in  which  tiie  Xational  Museum  is  concerned,  as  follows: 

I  give,  deviae,  and  bequeath  to  my  executors,  hereinafter  named,  and  the  sot- 
Tivor  of  tliem.  or  tbelr  succeatiors  In  the  trust,  all  the  rest,  residue,  and  remainder 
of  ni7  estate,  real,  personal,  and  mixed,  and  wheresoever  situate,  Including  all  <d 
my  portion,  share,  and  interest  in  tbe  estate  of  my  late  father,  Thomaa  Fitz- 
gerald, deceased,  both  real,  personal,  and  mixed,  in  trust  nevertheless,  to  invest 
the  same  and  collect  tbe  rents,  interest,  and  Income  as  It  accrues,  and  pay  ove^ 
tbe  net  Income  thereof  quarterly  to  my  nlecc^  Geraldlne  Muud  Hubbard,  daugh- 
ter of  my  sister.  Maud  Hubbard,  for  and  during  tbe  term  of  her  natural  life, 
her  receipt  alone  to  be  a  sufficient  release  and  discharge  therefor,  and  so  that  the 
same  shall  not  be  liable  for  the  debts  or  engag^nents  of  any  husband  which 
my  niece  may  Imve.  And  upon  the  decease  of  my  said  niece,  the  principal  and 
accrued  Interest  is  to  be  equally  divided  betwen  her  then  survivli^  child  or 
(4iildren  in  equal  sliares.  In  the  event  of  the  decease  of  my  said  niece  without 
leaving  a  child  or  children  euryivlng  her,  then  I  direct  that  tbe  prbtdpal  of  my 
estate,  and  the  Interest  accrued  thereon,  shall  be  given  by  my  ezeeutors  and 
trustees,  and  tbe  survivor  of  them,  or  their  successors  in  trust,  to  the  United 
States  National  Museum  of  the  Smithsonian  Institution,  Washington,  D.  C. 

This  part  of  the  estate  is  appraised  at  between  $12,000  and  $13,000. 

The  Joseph  White  Spragite  begyteat. — The  committee  desires  to  re- 
fresh the  memory  of  the  Itegents  as  to  the  terms  of  this  bequest. 
It  will  be  recalled  that  in  1901  the  board's  attention  was  drawn  to 
the  proposed  bequest  of  &Ir.  Sprague,  whose  readence  was  Louisville, 
Ky.  His  will  provides  that  Sd  per  cent  of  the  total  income  of  the 
estate  is  to  be  distributed  among  certain  devisees  until  their  death 
and  then  to  several  of  their  relatives  for  20  years  after  the  death  of 
the  last  devisee,  when  the  trust  expires  by  limitation  and  is  to  be 
paid  to  the  Smithsonian  Institution  and  to  be  known  as  "  the  Sprague 
fund."  Its  purpose  is  to  best  promote  the  advancement  of  the 
physical  sciences,  and  only  one-half  of  each  annual  income  is  to  be 
used,  the  other  half  to  be  added  to  the  principal  of  the  estate.  In 
1901  it  was  estimated  that  tbe  estate  was  worth  $200,000.  The  terms 
imposed  by  the  will  indicate  that  the  acquisition  of  the  fund  by  tlie 
Institution  will  be  at  a  remote  date. 

Respectfully  submitted. 

A.  O.  Bacon. 
Ajlezander  Graham  Beli. 
John  Dai^ell. 
CHABLEe  D.  Walcott. 

On  motion,  the  report  was  adopted. 

On  motion  of  Senator  Bacon,  the  secretary  was  requested  to  pub- 
lish in  his  annual  report  a  synopsis  of  the  permanent  committee^s 
report. 
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JOHN  B.  HENDERSON  UBUORIAL. 

The  committee  appointed  to  prepare  for  the  records  of  the  board 
a  suitable  minute  relating  to  the  late  Begent,  John  Brooks  Hender- 
son, submitted  its  report  as  follows : 

Gentleuen:  Your  committee  appointed  at  the  meeting  of  May  1, 
1913,  for  the  purpose  of  preparing  a  suitable  minute  of  the  life  and 
work  of  the  late  Hon.  John  B.  Henderson,  a  former  Kegent  of  the 
Institution,  begs  to  submit  the  following: 

John  Brooks  Henderson,  doctor  of  laws,  a  member  of  the  Board 
of  Regents  of  the  Smithsonian  Institution  from  January  26,  1892, 
to  March  1, 1911,  was  bom  near  Danville,  Va.,  on  November  16, 1826, 
and  died  at  Takoma  Park,  I).  C,  April  12, 1913. 

For  19  years,  until  failing  health  compelled  him  to  retire  from 
active  duties,  ho  had  a  deep  official  and  personal  intei-cst  in  the 
activities  of  tiie  Institution,  serving  during  that  entire  period  as  a 
member  of  the  executive  committee,  for  15  years  its  chairmnn,  and 
for  17  years  as  a  member  of  the  permanent  committee.  His  sound 
judgment  and  wise  counsel  as  a  jurist  were  of  great  assistance  to  his 
associates  in  their  deliberations  on  important  and  perplexing  prob- 
lems of  policy  and  administration. 

At  an  early  age  he  moved  from  Virginia  to  Missouri,  where  he 
received  an  academic  education  and  supported  himself  as  a  teacher 
while  studying  law.  He  was  admitted  to  the  bar  in  1848  and  in 
1882  was  honored  with  the  degree  of  LL.  D.  by  the  University  of 
Missouri.  From  1848  to  1856  he  served  in  the  State  legislature;  was 
presidential  elector  in  1856  and  1860;  United  States  Senator  from 
January  29,  1862,  to  March  3,  1869;  commissioner  to  treat  with  hos- 
tile Indians  in  1867;  United  States  district  attorney  in  1875;  and 
chairman  of  the  Chicago  convention  in  1884.  In  1861  he  organized 
a  brigade  of  Missouri  State  Militia  and  was  appointed  brigadier 
general. 

On  January  II,  1864,  after  conferences  with  President  Lincoln  and 
withoiit  the  knowledge  of  any  other  person,  Mr.  Henderson  presented 
in  the  Senate  the  joint  resolution  abolishing  slavery  which  after- 
wards became  the  thirteenth  amendment  to  the  Federal  Constitution. 

In  1890  he  moved  from  Missouri  to  Washington  City,  and  resided 
there  until  his  death,  lending  a  life  of  retirement,  although  taking 
great  interest  in  public  matters  and  philanthropic  work  and  in  the 
affairs  of  several  scientific  and  patriotic  organizations  of  which  he 
was  a  member. 

Mr.  Henderson  was  a  lawyer,  a  statesman,  a  soldier,  a  financier, 
and  in  all  these  callings  he  was  successful.  The  secret  of  his  suc- 
cess was  an  alert  mind,  a  natural  executive  ability,  strong  will, 
courage,  and  an  independence  that  fixed  his  course  though  he  walked 
alone. 
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During  his  long  life  Mr.  Henderson  enjoyed  an  intimate  friend- 
ship with  many  men  eminent  in  Uie  social,  political,  and  business 
life  of  the  Nation,  all  of  whom  held  him  in  the  highest  esteem. 

He  was  one  of  the  men  who  make  history,  and  in  his  death  a  highly 
honorable  career  was  brought  to  a  close. 
Respectfully, 

Geo.  Ghat, 
H,  C.  Lodge, 
Chakles  D.  Waiaxttt. 
On  motion,  the  report  was  accepted. 

SECEETARY'S  ANNUAL  RBPOET. 

The  secretary  presented  his  report  on  the  operations  of  the  Insti' 
tution  for  the  Bscal  year  ending  June  30, 1913. 

In  regard  to  publications,  he  said : 

"The  publications  issued  by  the  Institution  and  its  branches  since 
the  last  annual  meeting  of  the  board  aggregate  about  6,500  printed 
pages  covering  the  usual  wide  range  of  topics,  and  there  have  been 
distributed  about  190,000  copies  of  pamphlets  and  bound  volumes. 

"  The  Institution  proper  published  40  papers  in  the  Smithsonian 
Miscellaneous  Collections;  the  annual  report  for  1912,  and  pamphlet 
copies  of  38  papers  from  the  general  appendix  of  that  voluioe. 
The  Bureau  of  American  Ethnology  issued  an  annual  report  and 
three  bulletins,  and  the  National  Museum  publicaticois  induded  96 
papers  from  the  Proceedings,  an  annual  report,  and  a  number  of 
articles  relating  to  the  National  Herbarium.  The  results  of  observa- 
tions and  esperiments  by  the  Astrophysical  Observatory  for  1907 
to  1913  are  recorded  in  Volume  III  of  its  Annals. 

"  One  of  the  bulletins  of  the  Museum  prepared  by  Asastant  Sec- 
retary Bathbun  gives  an  interesting  descriptive  illustrated  account 
of  the  new  building  erected  more  especially  for  the  natural  history 
departments.  A  paper  in  the  Miscellaneous  Collections  gives  the 
results  of  experimenta  to  determine  the  influence  of  the  atmosphere 
on  our  healdi  and  comfort  in  confined  and  crowded  places,  frc«n 
which  it  appears  that  the  essentials  for  good  ventilation  are  mainly 
to  keep  Uie  air  in  motion,  comfortably  cooled,  and  containing  the 
proper  degree  of  moisture,  its  actual  chemical  purity  being  of  minor 
importance. 

"  Among  important  works  in  preparation  I  may  menticm  a  com- 
plete list  of  publications  of  the  Institution  and  its  branches  since  its 
establishment,  the  list  including  about  12,000  titles  of  articles  and 
volume." 

On  motion,  the  report  was  accepted. 
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THE  SBGRBTABX'S  STATEMENT. 

llie  secretary  made  pereooal  Btatements  as  follows: 
Laagley  Day  exerciser. — ^The  exercises  arranged  for  Langley  Day, 
May  6, 1913,  were  conducted  as  outlined,  and  a  printed  account  of  the 
occasion,  which  included  the  presentation  of  two  Langley  medals  and 
the  dedication  of  the  Langley  memorial  tablet,  has  been  sent  to  each 
r^nt. 

Langley  Aerodynamical  Lahoratory. — In  accordance  with  the  reso- 
Itrlions  adopted  at  the  meeting  of  the  board  tn  May  1, 1913,  autJioriz- 
tng  the  reopening  of  the  Langley  Aerodynamical  Laboratory  and  the 
enlargement  of  the  same,  I  addressed  a  letter  on  May  8, 1913,  to  Pres- 
ident Wilson,  asking  his  approval  of  the  cooperation  with  this  Insti- 
tution of  the  Departments  of  War,  Navy,  Agriculture,  and  Com* 
merce,  to  which  the  President  replied  as  follows : 

The  WniTB  House, 
Watliitigton,  May  9, 1913. 
Mr  Drab  Db.  Walcxttt  :  Allow  me  to  acknowledge  the  receipt  of  jour  letter  of 
Umj  6  and  to  mj  tbat  I  ahall  take  pleasure  la  Beudlng  copies  of  your  letter  to 
the  Secretaries  of  War,  Navy,  Agrlcnlture,  and  Ooniuierce,  expreeslng  my  full 
approval  of  tbe  designation  of  representatives  of  tboee  deparlmenta  upon  ttie 
committee  wblch  you  are  forming  for  tbe  stndy  of  the  subject  of  aeronautics 
under  the  antborlscatlon  of  the  Board  of  Brents  of  the  Smithsonian  iDStltntlon 
on  May  J.  iwa 

Cordially  and  slncertiy,  yours, 

WooDBow  Wilson. 
Dr.  Chables  Walcott, 

SmUhmnion  ItuMution. 

Representatives  were  thereupon  designated  by  the  heads  of  the  four 
departments  mentioned,  and  on  May  23, 1913,  die  first  meeting  of  the 
advisory  committee  of  the  Langley  Aerodynamical  Laboratory  was 
held  at  the  Institution.  The  present  member^p  of  the  committee  is 
as  follows : 

Brig.  Gel.  George  P.  Scrlven  and  HaJ.  Edgar  Rnssel,  War  Depflitment 

Oipt  W.  I.  Chambers  and  Naval  Oonstmctor  H.  C.  Blchatdeon,  Navy  Depart- 
meat 

Dr.  W.  J.  Uumphreyi^  D^wrtment  of  Agriculture  (Weather  Burenu). 

Dr.  S.  W.  Stratton,  Department  of  Commerce  (Bureau  of  Standards). 

Mr.  Orvllle  Wright. 

Ifr.  Glenn  B.  Curtlss. 

Mr.  John  Haya  Hammond,  }r. 

CoL  Samuel  B«ber. 

Dr.  Ail>ert  F.  Zahm. 

Mr.  Charles  D.  Walcott,  secretary  of  the  Smithsonian  Institution,  chairman. 

Included  in  the  organization  of  the  advisory  committee  was  the 
formation  of  16  subcommittees,  covering  practically  every  phase  of 
aeronautic  work.  With  their  membership  recruited  from  the  lead- 
uig  experts  all  over  the  country,  these  subcommittees  enable  the 
lADgley  Laboratory  to  command  the  moat  authoritative  advice  and 
assistance  obtainable. 
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As  a  preliminary  step  in  starting  the  work  of  the  laboratory,  Dr. 
A.  F.  Zahm,  the  recorder  of  the  advisory  committee,  was  sent  to 
visit  the  principal  aerodynamical  laboratories  near  London,  Paris, 
and  Gottingen,  in  company  with  Afimstant  Naval  Constructor  Jerome 
C.  Hunsaker,  United  States  Navy. 

Dr.  Zahm's  trip  proved  most  satisfactory,  and  his  report  will  con- 
tain valuable  data  for  the  committee. 

Three  meetings  of  the  advisory  committee  have  been  held,  and  its 
work  has  progressed  to  such  an  extent  as  to  render  necessary  the 
transmission  to  Congress  of  an  estimate  for  an  appropriation  of 
$50,000,  which  received  the  President's  approval.  There  is  also  need 
for  a  tract  of  land  and  water  near  Washington  suitable  for  tests  witti 
experimental  air  craft,  and,  as  chairman  of  the  advisory  committee, 
I  requested  the  President's  approval  of  the  use  for  this  purpose  of  the 
portion  of  Potomac  Park  east  of  the  railroad  embankment,  which 
the  committee  believes  to  he  the  best  site  for  the  purpose.  It  ap- 
pears, however,  that  in  the  opinion  of  the  War  Department,  author- 
ity for  such  use  of  the  park  rests  alone  with  Congress. 

Freer  gallery  of  art. — The  secretary  exhibited  elevation  and  floor 
plans  of  a  proposed  building  for  the  art  gallery  to  be  erected  by 
Mr.  Charles  L.  Freer  for  the  collections  donated  by  him  to  the  In- 
stitution, stating  that  a  trust  fund  of  $1,000,000  had  been  set  aside 
by  Mr.  Freer  for  its  construction. 

In  answer  to  inquiries  the  secretary  said  that  the  collections  were 
now  thought  to  represent  an  expenditure,  exclusive  of  the  building, 
of  about  $1,750,000. 

Building  for  art  objects. — ^Large  numbers  of  art  objects  are  being 
received  by  the  Institution  almost  weekly  for  the  National  Gallery 
of  Art.  Urgent  necessity  exists  for  a  proper  place  for  Uieir  care 
and  exhibit,  as  the  space  now  devoted  to  their  use  in  the  new  build- 
ing of  the  National  Museum  is  more  and  more  needed  for  the  natural 
history  collections.  The  present  art  objects  represent  a  value  of 
a&out  $1,000,000,  and  I  wish  to  urge  upon  the  members  of  the 
board  the  importance  of  a  very  early  consideration  of  the  question 
of  requesting  Congress  to  provide  for  the  erection  of  a  building 
adequate  for  the  national  art  collections. 

Expeditions.— The  various  expeditions  under  the  auspices  of  the 
Institution,  concerning  which  reports  have  been  made  to  the  board 
from  time  to  time  have,  with  few  exceptions,  been  completed. 

Borneo  expedition. — This  expedition  is  still  in  the  field.  Dr.  W. 
L.  Abbott,  a  collaborator  of  the  National  Museum,  provided  $8,000 
for  its  expenses,  and  under  his  general  direction  the  collecting  is 
being  carried  on  by  Mr.  H.  C.  Baven.  Two  shipments  have  been 
i-eceived  by  the  Institution,  that  include  557  mammals  and  560  birds, 
with  skins  and  skeletons  of  crocodiles  and  giant  lizards.  Mr.  Haven 
expects  to  remain  in  Borneo  for  another  year.  (    oiioir 
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BrUkh  Columbia  expedUum. — ^The  Secretary  briefly  reviewed  his 
field  work  aod  studies  in  Cambrian  geology  during  the  summer  of 
1913. 

Soiar  radiation  expedition. — ^Mr.   C.   G.  Abbot,  Director  of  the 
Astrophysical  Observatory  of  the  Institution,  spent  several  months 
in  California  during  the  summer  and  fall  of  1913,  in  continuation  of 
studies  on  the  variation  of  the  solar  constant     The  special  work 
of  the  year  was  in  connection  with  the  variability  of  the  brightness 
of  different  parts  of  the  sun.    A  tower  telescope  was  constructed  on 
Uount  Whitney    (14,500  feet)    and  nmnerons  observations  made, 
which  it  is  hoped  will  furnish  an  independent  check  on  the  varia- 
tions to  which  the  sun  now  appears  to  be  subject.    As  a  furtiier  test 
of  the  results  obtained  and  to  overcome  any  objections  that  might 
be  made  in  scientific  circles  as  to  their  soundness,  Mr.  Abbot  devised 
a  special  self-recording  pyrheliometer  which  may  be  attadied  to  a 
sounding  balloon  and  sent  up  entirely  free  from  any  connection  with 
the  earth  to  the  greatest  height  to  which  balloons  may  penetrate  the 
atmosphere.    Five  such  instruments  were  constructed  at  the  Astro- 
physical  Observatory  in  1913,  and,  with  the  cooperation  of  tho 
United  States  Weather  Bureau,  they  were  sent  up  by  observers  of 
that  bureau  from  Catalina  Island,  CaL,  about  the  end  of  July.    All 
were  recovered,  and  although  the  apparatus  had  been  untried  up  to 
that  time,  three  of  the  instruments  gave  valuable  records,  taken  at 
altitudes  as  great  as  60,000  feet.    These  observations  have  not  yet 
been  definitely  reduced,  but  the  preliminary  results  indicate  that 
jnst  such  values  were  found  as  will  confirm  in  a  very  satisfactory 
manner  the  conclusions  already  reached.    Some  of  the  balloons  as- 
eeaded  over  100,000  feet  (19  miles),  but  owing  to  the  intense  cold 
no  records  were  made,  the  mercury  in  the  Smithsonian  pyrheliome- 
ters  having  frozcai.     The  lowest  temperature  recorded  by  the  instru- 
ffloits  of  the  Weather  Bureau  was  76"  F.  below  zero,  which  is  far 
lower  than  the  freezing  point  of  mercury.     It  is  expected  to  renew 
the  experiments  next  spring,  when  measures  will  be  taken  to  prevent 
the  freezing  of  the  mercury,  and  it  b  hoped  then  to  obtain  tempera- 
ture records  at  altitudes  of  100,000  feet  or  more. 

Biological  work  in  North  CMma. — At  the  annual  meeting  on  De- 
cember 13, 1912,  the  board  was  informed  that  Mr.  A.  de  C.  Sowerby 
was  making  collecti<»is  in  North  China  for  the  National  Museum, 
through  the  liberality  of  a  gentleman  who  desired  tiiat  his  identity 
be  not  disclosed.    The  same  condition  prevails  now. 

Mr.  Sowerby  has  recenUy  notified  the  Institution  of  the  shipment, 
primnpally  from  Manchuria,  of  131  specimens,  including  squirrels, 
bog  deer,  moles,  voles  (a  species  of  mouse),  rats,  chipmunks,  shrews, 
hedgehogs,  weasels,  and  badgers,  many  of  which  are  thought  to 
be  new  species.  He  will  continue  his  expedition  in  North  and  West 
Shan^  and  in  the  Hei-lung-chang  region  of  Manchuria.  '- 
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ADVERTISEMENT. 


The  object  of  the  Genbbal  Appendix  to  the  Annual  Report  of  the 
Smithsonian  Institution  is  to  furnish  brief  accounts  of  scientific  dis- 
covery in  particular  directions;  reports  of  investigations  made  by 
coHaboratora  of  the  institution ;  and  memoirs  of  a  general  character 
or  on  special  topics  that  are  of  interest  or  value  to  the  numerous 
oorrespondents  of  the  institution. 

It  has  been  a  prominent  object  of  the  Board  of  Regents  of  the 
Smithsonian  Institution,  from  a  very  early  date,  to  enrich  the  annual 
report  required  of  them  by  law  with  memoirs  illustrating  the  more 
remarkable  and  important  developments  in  physical  and  biological 
discovery,  as  well  as  showing  the  general  character  of  the  operations 
of  tiie  institution;  and  this  purpose  has,  during  the  greater  part  of 
its  history,  been  carried  out  largely  by  the  publication  of  such  papers 
as  would  possess  an  interest  to  all  attracted  by  scientific  progress. 

In  1880  the  secretary,  induced  in  part  by  the  discontinuance  of  an 
annual  summary  of  progress  which  for  30  years  previous  had  been 
issued  by  well-known  private  publishing  firms,  had  prepared  by  com- 
petent collaborators  a  series  of  abstracts,  showing  concisely  the  prom- 
inent features  of  recent  scientific  progress  in  astronomy,  geology, 
meteorology,  physics,  chemistry,  mineralogy,  botany,  zoology,  and 
anthropology.  This  latter  plan  was  continued,  though  not  altogether 
Etatififactorilyj  down  to  and  including  the  year  1888. 

In  the  report  for  1889  a  return  was  made  to  the  earlier  method  of 
presenting  a  miscellaneous  selection  of  papers  (some  of  them  original) 
embracing  a  considerable  range  of  scientific  investigation  and  dis- 
cussion. This  method  has  been  continued  in  the  present  report  for 
1914. 
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FiQ.  2.— Solar  Cobona,  May  28,  1900.  CjOOqIc 

(From  dmrlCK  by  P.  B.  Qilvert  Irom  phologrepba  bj  Yetkea  ObserTSlorj  Eclipse  '~' 

EipcdlUoD.) 
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solar  Spectrum  if  one  takes  the  light  fhim  the  east  and  west  limbs 
of  the  stm.  There  is  a  displacement  of  the  lines  of  the  two  speotra 
with  respect  to  one  another,  depending  upon  the  fact  that  the  one 
side  of  the  sun  is  approacliing  the  earth  and  the  other  side  receding, 
by  virtue  of  the  rotation  of  the  sim  on  its  own  axis. 

It  had  long  been  known  that  the  sun  rotated  upon  its  axis,  be- 
cause of  the  behavior  of  sun  spots,  which  march  across  the  disk  of 
the  sun  in  a  period  of  about  14  days.'  Duner,  Halm,  Adams,  and 
otheiB  have  observed  the  rotation  of  the  sun  by  means  of  the  dis- 
placement of  the  spectral  lines.  The  curious  fact  that  the  surface 
of  the  sun  rotates  with  unequal  velocities,  largest  at  the  equator 
and  smaller  as  we  approach  the  poles  of  the  sun  in  either  direction, 
had  been  noted  from  sun  spot  observations.  This  pecuhu-  rotation 
behavior  of  the  sun's  surface  was  investigated  much  more  thoroi^ily 
by  Adams,  who  followed  the  rotation  of  the  sun  up  to  solar  latitude 
of  75°.  He  found  that  the  period  of  rotation,  as  determined  by  the 
majority  of  the  spectrum  lines,  varied  from  24.6  days  at  the  equator 
to  33.1  days  at  latitude  75".  However,  the  element  hydn^n,  which 
is  situated  h^h  up  in  the  solar  atmosphere,  indicated  a  much  more 
nearly  equal  velocity  of  rotation  at  differing  latitudes.  He  values 
range  from  23.7  days  at  the  equator  to  about  26  days  at  latitude  75^. 

Another  cause  of  the  displacements  of  the  spectral  lines  is  in  the 
pressure  which  exists  in  the  solar  envelope.  This  was  inveetigated 
first  by  Humphreys  and  Mohler  at  Baltimore.  It  has  since  fur- 
nished a  valuable  means  of  measuring  the  pressure  which  exists  in 
the  solar  envelope.  For  the  element  iron  it  is  found  to  be  about 
five  times  the  atmospheric  pressure  at  the  surface  of  the  earth.* 

Still  another  interesting  displacement  of  spectral  lines  was  found 
by  Zeeman  to  be  due  to  the  presence  of  a  magnetic  field.  Spec- 
trum lines  are  broken  up  in  the  presence  of  a  magnetic  field  into 
doubles  or  triples  or  still  more  complex  groups,  whose  complexity 
of  arrangement  depends  upon  the  ^tuation  of  the  spectroscope  with 
respect  to  the  magnetic  field,  and  on  the  strength  of  the  magnetic 
field  in  which  the  light  is  produced.  This  peculiarity  was  taken 
advant^:e  of  by  Hale,  who  has  recently  proved  the  existence  of  a 
magnetic  field  in  sun  spots,  and  still  more  recently  the  existence 
of  a  general  m^pietic  fi^d  over  the  whole  surface  of  the  sun,  analo- 
gous in  many  respects  to  the  magnetic  field  which  exists  over  the 
surface  of  the  earth. 

A  brilliant  invention  of  Hale's  earlier  years  of  investigation  was 
that  of  the  spectrohelit^aph.  This  is  an  instrument  for  observing 
the  sun's  disk  in  the  light  of  a  single  line  of  a  sii^le  chemical  element. 

1  Thia  eioMda  tbe  hsll-palod  of  tbu  nin'»  routloD  because  of  Uie  Mlvanoe  ot  Uw  euth  la  Ui  «Ut « tlM 
•uDsllme. 
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It  is  not  necessary  here  to  explain  the  details  of  the  construction  or 
die  principle  of  it,  more  than  to  eay  that  it  is  a  particular  form  of 
spectroecope  whoee  effect  ib  to  act  as  a  screen  to  out  off  all  rayB  of 
the  spectrum  except  the  partioular  one  which  it  is  desired  to  observe. 
By  the  ud  of  this  instrument  the  distribution  of  the  gases  of  different 
elements  over  the  sun's  disk  has  been  investigated,  notably  of  the 
gises  hydrogen  and  calcium.  Plate  2,  figure  I,  shows  a  photograph 
of  a  portion  of  the  sun's  disk  as  observed  in  hydn^en.  The  reader 
will  not«  the  very  prominent  detail  which  is  shown  by  this  illustration 
as  compared  with  that  shown  by  direct  phot(^aphy  of  the  Bun'S' 
surface  by  a  telescope  as  given  in  plate  I,  figure  1.  It  was  by  the  aid 
of  the  spectroheht^aph  that  Slocimi  obtained  the  beautiful  figure  of 
the  solar  prominence  ^ven  in  plate  3. 

SOLAB  ENERGY. 

We  now  turn  from  this  general  consideration  of  what  may  be 
seen  on  the  sim  by  the  aid  of  the  telescope  and  spectroscope  to  a 
discussion  of  the  quantity  of  energy  which  the  sim  sends  out,  the 
distribution  of  it  among  the  different  spectrum  rays,  and  the  rela- 
tions which  it  bears  to  the  temperature  of  the  sun,  the  temperature 
of  the  earth,  and  other  terrestrial  concerns.  I  said  a  little  while  ago 
that  light  is  regarded  as  of  the  nature  of  a  mixture  of  vibrations  in 
the  ether,  which  la  supposed  to  be  a  substance  existing  in  all  space, 
including  the  interstices  of  the  structure  of  the  chemical  elements 
themselves.  Light  is  but  one  of  the  manifestations  of  radiation. 
It  is  merely  that  kind  of  radiation  which  is  visible  to  the  eye.  Just 
as  there  are  some  sounds  which  are  of  too  high  pitch  for  the  ear  to 
hear,  and  some  other  sounds  which  are  of  too  low  pitch  to  distinguish 
as  sound,  so  there  are  kinds  of  radiation  which  are  of  too  short  wave 
length  for  the  eye  to  recognize  as  violet  light,  and  others  are  of  too 
loi^  wave  length  for  the  eye  to  recognize  as  red  light.  Indeed  for 
the  longer  wave  lengths  of  radiation  the  substances  of  the  eye  are 
not  transparent,  so  that  even  if  the  retina  should  be  sensitive  to  these 
rays,  they  could  not  reach  the  retina  to  affect  it. 

In  this  state  of  affairs  it  is  necessary  to  proceed  to  the  investiga- 
tion of  the  energy  of  radiation  by  means  of  another  instrument  in 
which  the  radiation  is  caused  to  be  absorbed  by  a  blackened  surface, 
and  thus  to  produce  heat,  and  consequently  a  change  of  temperature 
of  the  absorbing  substance.  Radiation  is  not  heat.  Heat  is  a 
motion  of  the  molecules  of  the  material  substance,  but  radiation  is  a 
motion  of  vibration  in  the  ether,  which  b  not  regarded  in  the  same 
category  with  ordinary  chemical  elements.  Indeed,  we  may  go  a 
little  further  and  make  a  classification  of  energy.  Imagine  a  chest  of 
drawers  in  which,  as  sometimes  happens,  the  letters  or  other  papers 
faQ  over  the  back  of  the  drawers,  as  they  arc  puUed  out   into  the 
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Fia  1.— Smithsonian  Observatory  on  Mount  Wilson.     • 


Fia  2.— Smithsonian  observatory  on  Mount  Whitney. 

Google 


THB  RADIATION  OF   THE   SUN — ABBOT.  146 

irere  solar  radiation  which  was  beii%  measured.  In  such  teet  ex- 
periments it  is  found  that  as  much  as  99  per  cent  of  the  heat  in- 
troduced is  recoTered,  and  it  is  behered  that  the  standard  pjrhe- 
liomet«r  giree  the  true  soale  of  radiation  for  the  aun  within  a  prob- 
Me  error  of  a  half  of  1  per  cent.  The  silver  disk  pyrheliometers 
h&ve  been  compared  with  this  standard,  and  in  this  way  the  standard 
scale  of  radiation  has  been  diffused  by  the  Smithsonian  Institution, 
which  has  sent  out  about  25  copies  of  the  standardized  silrer  disk 
pyrheHometer  to  various  countries 
of  the  world,  in  Europe  and  North 
and  South  America. 

Measurements  with  the  pyrbeli- 
ometer  indicate  that  the  maximum 
intensity  of  the  sun's  radiation  at 
sea  level  is  about  1.5  calories  per 
square  centimeter  per  minute.  At 
h%h-Ievel  stations,  sut^  as  Mount 
Whitney,  in  southern  California,  at 
an  altitude  of  14,500  feet,  the  read- 
ings run  as  high  as  1.7  calories  per 
square  centimeter  per  minute.  You 
may  ask  why  it  is  that  if  the  inten- 
sity of  the  sun's  radiation  increases 
■8  we  go  up  a  mountain,  it  should 
be  also  the  case  that  the  tempersi- 
tnre  of  the  air  at  high  elevations  is 
lower  than  it  is  at  sea  level.  This 
is  due  to  the  property  of  the  air  cff 
almost  freely  transmitting  solar 
radiation.  like  a  pane  of  glass  in 
a  window,  it  is  not  much  warmed 
by  absorbing  the  rays,  wberetfia  a 

,;     ,  ,      ",    ^  L   u    -       ..  FlQ.  3.-31lT«t  disk  pyrhaLomBtac. 

blackened  substance  held  m  the 

beam  of  light,  either  upon  a  mountain  or  in^de  the  window  pane, 

will  be  very  appreciably  warmed. 

If  we  could  go  outside  the  atmosphere  altogether,  all  the  radia- 
tion winch  we  receive  from  the  whole  sky,  and  wluch  is  derived 
by  scattering,  would  be  still  in  the  direct  sun-beam.  Looking 
away  from  the  sun  we  should  see  the  stars  shining,  aa  if  at  night, 
and  the  sun's  rays  themselves  as  observed  by  the  pyrheHometer 
would  exceed  in  intenrnty  even  those  observed  on  high  moimtain  sum- 
nrits.  Now  the  question  is,  what  would  be  the  intensity  of  the 
solar  radiation  if  we  could  observe  it  outside  the  atmosphere,  at 
the  earth's  mean  solar  distanced    Thb  quanUty  is  called  the  solar 
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constant  of  radiation,  and  it  has  been  an  object  of  inTsetigatioa 
for  the  last  hundred  years. 

Aa  shown  by  Forbes,  Radau,  Mid  notably  by  Langley,  it  is  not 
posfflble  by  means  of  the  pyrheliometer  alone  to  estimate  vhab  the 
intensity  of  the  solar  radiation  outaide  the  atmosphere  would  be, 
unless  the  pyrheliometer  itself  could  be  raised  by  a  balloon  or  other- 
wise to  the  extreme  limit  of  the  atmosphere.  This  latter  procedure 
having  heretofore  been  impracticable,*  it  was  necessary  to  have 
recourse  to  measurements  of  the  solar  spectrum.  The  defeot  in 
pyrheliometer  observations  consists  in  this:  That  the  several  rays  of 
the  solar  spectrum  are  unequally  affected  in  passing  throu^  tiw 
earth's  atmosphere.  Cortuu  rays  are  almost  completely  removed 
in  the  higher  levels  of  the  atmosph^e,  so  that  we  can  by  ^o  meauB 
estimate  the  losses,  even  upon  the  highest  moimtains,  unless  recourse 
is  had  to  determinations  in  the  spectrum. 

About  the  year  1880  the  late  Dr.  Langley  invented  the  bolometcs. 
This  is  an  electrical  thermometer  of  great  sensitiveness.  '  It  com- 
prises two  fine  strips  of  platinum,  each  about  one-half  inch  long 
one  two-hundred-and-fiftieth  of  an  inch  wide,  and  one  two-thou- 
sandth of  an  inch  thick.  The  strips  are  blackened  on  the  front  surface 
with  smoke,  or  vrith  platinum-black  electrically  deposited,  l^ese 
two  strips,  with  two  coils  of  resistance  wire,  form  a  Wheatstone's 
bridge,  so  called.  If  one  strip  is  wanned  with  respect  to  tlie  o^a, 
and  thereby  its  electrical  redstance  is  increased,  the  effect  is  to  cause 
a  slight  current  of  electricity  to  flow  through  a  voy  sensitive  galva- 
nometer. In  ordinary  practice  one  can  detect  with  the  bolometer 
differences  of  temperature  of  a  millionth  of  a  degree;  and  in  the  most 
refined  construction,  with  every  precaution  taken  to  avoid  disturbing 
inffuences,  it  has  been  possible  to  observe  the  hundred-millionth  put 
of  a  degree  change  of  temperature. 

With  the  bolometer,  which  in  those  days  was  an  instrument  of 
very  uncertain  behavior,  and  one  requiring  the  most  expert  atten- 
tion and  great  patience  for  its  use,  Langley  observed  the  sun's  spcN^ 
tnim  in  the  famous  expedition  of  1881  to  Mount  Whitney,  in  Bouthen 
California.  Like  early  investigators  who  had  used  the  pyrheliometer 
alone,  he  observed  the  increase  of  the  intensity  of  the  sun's  rajB 
from  early  morning  to  noon,  and  their  decrease  of  intenmty  from  noon 
until  late  afternoon.  This  depends,  as  you  will  see,  upon  the  fact 
that  when  the  sun  is  low  and  near  the  horizon  its  rays  shine  obliquely 
through  the  atmosphere,  so  that  their  path  in  the  air  is  very  long, 
whereas  at  noon,  when  the  sun  is  nearly  overhead,  the  path  in  the 
air  is  comparatively  much  shorter.  If  one  observes,  therefore,  the 
inten^ty  of  each  of  the  spectrum  rays  at  d^erent  altitudes  of  the  son, 
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tor  which  he  knows  the  lengtb  of  path  in  aii,  he  may  compute  from 
the  observed  increasfe  of  intensity,  attending  the  decreaee  of  air  path, 
how  mwix  the  intensity  would  he  if  the  path  in  air  could  be  reduced 
to  notJiing  at  all,  or,  in  other  words,  if  he  oould  go  outside  the  air 
altogether.  It  is  not  possible  to  do  this  by  observation  with  the 
pfriieKometer  alone,  as  explained  above,  because  the  rays  of  certain 
spec^nm  wave  lengths  are  almost  entirely  removed  in  the  upper 
atmosphere,  and  do  not  reach  the  observer  at  all,  even  if  he  be  on  a 
h^  mountain.  Especially  is  this  the  case  in  the  infrar-red  region  of 
tiie  Bpectaiim,  which  is  invisible  to  the  eye,  but  which  is  of  great 
importance  as  containing  a  lai^  part  of  the  sun's  energy.  In  this 
regioa  there  are  great  water^vapor  bands,  where  the  water  vapor  of 
the  atmosphere  almost  completely  absorbs  the  solar  rays,  leaving 
great  gaps  in  the  representation  of  the  sim's  energy  spectrum.  I^ang- 
tfly  introduced  the  procedure  of  estimating  for  all  o^er  parts  of  the 
Bpectmm  the  intensity  which  would  he  found  outside  the  atmosphere, 


Fig.  3— Bolocnipbi  ol  the  Solar  Bp«ctrum.    Ali  nusuH  at  Dtnervatlini:  Upper  curve,  3.0;  middle  curve, 
4.0;  Lomr  cam.  fi.3. 

but  in  t^e  great  water-vapor  and  other  terrestrial  bands  of  absorption 
he  merely  made  the  assumption  that  these  would  be  altt^ether  absent 
if  be  could  in  fact  be  beyond  the  atmosphere  altogether. 

After  Langley  became  Secretary  of  the  Smithsonian  Institution 
he  established  the  Astrophyeical  Observatory  there,  in  order  that  he 
might  carry  out  to  greater  perfection  the  measurements  of  radiation 
b^un  by  him  while  still  <hrector  of  the  All^heny  Observatory  in 
Pennsylvania.  Among  the  first  improvements  introduced  in  Wash- 
ington was  the  automatic  recording  of  the  results  of  the  bolometer  by 
photf^aphic  means.  This  was  a  great  step,  so  that  now  we  are  able, 
in  the  lapse  of  less  than  10  minutes,  to  observe  the  inteo^ty  of  the 
rays  of  the  sua  of  all  wave  lengths,  from  those  far  beyond  the  violet 
end  of  the  visible  spectrum  to  those  far  beyond  its  extreme  red. 
Figure  3  shows  the  result  of  three  such  observations  made  on  Mouot 
Wilson,  in  California,  at  the  station  of  the  Smithsonian  Institution 
there.  These  three  curves  represent  the  distribution  of  solar  radian 
tion  in  its  spectrum,  including  the  ultra-violet,  visible,  and  infra-red 
rays.     The  great  water-vapor  bands  above  mentioned   are  shown 
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of  die  sun,  accompanying  the  obai^e  of  the  inten^ty  of  the  sun's 
radiation.  Changes  of  contraBt  along  the  sun's  diameter  have  already 
been  found,  but  it  is  not  yet  decided  whether  tJiey  agree  in  p<ant  ^ 
tme  witti  Ota  changes  in  the  intenaty  of  ti\e  solar  rac^tion.* 

NATURE  OP  THE  SUN. 

In  view  of  what  has  been  said,  what  is  the  nature  of  the  sun!  It 
spears,  in  consideration  of  its  high  temperature  and  low  density, 
to  be  a  great  hall  of  iacandescent  gases.  Of  course,  the  pressure  ia 
so  enormous  that  the  gases  approach  the  denfflty  of  liquids.  Hese 
gases  are  so  hot  as  to  exceed  in  temperature  anytliing  that  we  have 
upon  the  earth's  surface.  It  must  not  be  supposed,  however,  that 
tbey  are  burning  gases  like  the  burning  of  illuminating  gas  in  air. 
The  temperature  on  the  sun's  surface  is  so  high  that  in  general  no 
compounds  of  elements  are  occurring  there.  If  the  ordinwy  com- 
pounds, for  instance,  products  of  combustion  like  carbonic-acid  gas, 
should  be  present  on  the  sun,  the  elemente  of  which  they  are  com- 
posed would  separate,  one  ^m  another,  owing  to  the  enormous  tem- 
perature. As  the  sun  g^ves  oft  radiation,  it  tends  to  cool,  and  it  may 
well  be  asked  "why,  in  the  couroe  of  the  millions  of  years  which  geolo- 
^ts  tell  us  have  elapsed  since  the  earth  reached  substantially  its 
present  temperature,  the  sun  should  not  have  cooled  off  entirely.  A 
partial  source  for  this  immense  quantity  of  energy  was  suggested  by 
Kant  and  discussed  at  length  by  Helmholtz,  who  showed  that  the 
enormous  gravitation  of  the  sun,  tending  to  condense  the  gases  and 
bring  them  toward  its  center,  must,  for  every  decrease  of  tempera- 
ture and  consequent  shiinking  up  of  the  vohmie  of  the  sun,  produce 
a  certun  quantity  of  energy.  This  source  of  the  sun's  enei^,  how- 
ever, seems  insufficient  to  account  for  that  which  geologists  demand 
us  to  concede.  It  may  be  that  the  secret  of  the  matter  is  in  the 
Iveaking  up  of  the  atoms,  such  as  is  now  found  to  occur  with  the 
element  radium. 

If  the  sun  is  gaseous,  the  question  naturally  arises  why  it  presents 
80  sharp  and  round  a  boundary.  The  roundness  of  the  sun  is  only 
vhat  would  be  expected  in  view  of  ita  gravitation.  The  sharpness 
of  its  boundary  seems  explainable  as  foDows:  Gases,  although  very 
transparent,  are  not  perfectly  so,  so  that  in  the  case  of  the  earth  the 
atmosphere  above  Mount  Wilson  transmits  only  about  96  per  cent 
of  the  yellow  light.  If,  then,  5  per  cent  of  the  sun's  radiation  in  the 
yellow  is  cot  off  by  the  earth's  atmosphere,  it  follows  that  a  layer  of 
the  sun's  gases  only  a  few  thousand  miles  thick  would  be  sufficient 
to  prevent  ua  from  seeing  any  deeper.  This  3,000  or  4,000  miles  of 
thickness,  as  we  look  at  the  center  of  the  sun,  will  extend  vertically 
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downward,  but  at  the  edge  of  the  eun  we  look  obUquelj,  and  there 
the  3,000  or  4,000  miles  will  all  be  found  m  a  layer  of  the  sun  perhaps 
not  more  than  100  miles  in  thidcnefia.  In  a  body  800,000  miles  ia 
diameter  a  thickness  of  100  miles  is  practically  negligible,  certainl; 
so  for  any  telescopic  observations  which  can  be  made  from  the  earth, 
hence,  naturally,  the  boundary  of  the  sun  is  seen  to  be  sharp. 

The  contrast  of  brightness  between  the  center  and  Uie  edge  of  the 
Bun  follows  at  once  from  what  has  just  been  said.  For  at  the  cento 
we  look  far  deeper  than  at  the  edge,  and,  naturally,  see  thereby  gases 
which  are  much  hotter  than  those  which  are  perceived  in  the  com- 
paratively superficial  layer  which  is  seen  at  the  sun's  edge.  Attending 
the  increase  of  temperature  there  must  be  an  increase  of  brightnees, 
and  this  will  be  greater  for  red  and  infra-red  rays  than  for  violet  and 
ultra-violet  rays,  in  accordance  with  laboratory  experiments  on  tie 
relations  of  radiation  and  temperature.  Thus  the  contrast  of  bright- 
ness between  the  center  and  the  edge  of  the  sun  inll  be  greater  in  the 
red  and  infra-red  than  in  the  violet  and  ultra-violet. 

The  sun  spots  appear  to  be  whirlpools  where  the  gases  of  the  interi<7 
are  pouring  out  toward  the  exterior  in  forms  similar  to  a  waterspout. 
They  are  cooled  by  expansion  as  they  reach  the  surface,  and  the  par^ 
tial  vacuum  formed  in  the  center  of  the  whirl  sucks  in  the  superincum- 
bent and  very  %ht  gases,  hydrogen  and  calcium,  above  the  sun's 
surface.  The  magnetic  field  found  by  Hale  in  sun  spots  is  due,  no 
doubt,  to  the  rotation  of  the  electrically  charged  material  in  the  spots. 
The  solar  spectrum,  with  its  numerous  dark  lines,  is  due  to  the  pres- 
ence of  the  gases  of  the  chemical  elements  which  are  found  upon  the 
earth.  These  gases  are  cooler  at  the  boundary  of  the  sun  than  they 
are  within,  where  the  principal  part  of  the  light  comes  from,  hence, 
as  noted  above,  the  effect  will  be  to  produce  dark  lines  on  a  bright 
background.  The  irr^pilar  mottled  appearance  of  the  sun's  surface 
is  probably  due  to  differences  of  temperature  which  exist  in  so  great 
a  body,  and  thereby  produce  variations  in  brightness  of  differwt 
parts. 

It  ia  impossible  to  go  further  and  touch  upon  the  very  intereatiDg 
questions  connected  with  the  sun's  place  among  the  stars,  the  de- 
pendence of  plant  growth  upon  solar  radiation,  and  the  relations 
between  the  temperature  of  the  earth  and  the  radiation  of  the  sun. 
These  matters,  and  many  details,  which  it  has  been  impossible  to 
mention  in  this  short  account,  are  discussed  by  the  writer  in  a  book 
entitled  "The  Sun,"  to  which  and  to  the  original  sources  of  informa- 
tion and  to  longer  treatises  the  interested  reader  is  invited  to  turn. 
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MODERN  THEORIES  OF  THE  SUN.' 


Bjr  Jean  Bosliu, 
Atlronamtr  at  the  ifeudon  Ob»ervalon/. 


[With  2  pUt«s.] 


It  is  the  8un  alone  among  all  the  stars  that  we  can  ever  hope  to 
Bee  in  detaU.  It  alone  can  aid  ua  in  understanding  all  the  others 
and  throw  light  on  their  evolution.  Furthennore,  whatever  our  ideas 
may  once  have  been,  they  had  no  solid  experimental  basis  until  the 
'  inveDtJon  of  the  spectroscope  toward  the  middle  of  the  last  century. 
This  remarkable  discovery  taught  us  that  there  was  something 
further  to  observe  in  the  sun  than  the  spots,  the  facule,  and  the 
prominences  visible  at  the  echpses;  the  appearance  of  these  phe- 
nomena to  the  eye  has  therefore  lost  something  of  the  exclusive 
interest  it  formerly  usurped.  The  Janssen-Lockyer  method  of 
utilizing  the  monochromatic  hydrogen  Ught  from  the  prominences 
had  already  enabled  us  to  see  them  at  any  time  on  the  limb  of  the 
solar  disk.  The  spectro-heliograph,  based  upon  a  bold  and  ingenious 
generalization  of  analogous  principles,  now  reveals  to  us  in  the 
SocciUi  (pL  2,  fig.  1),  the  filaments  and  alignments  (pL  2,  fig.  2), 
new  phenomena  formerly  invisible  which,  perhaps,  equal  or  even 
surpass  in  importance  the  spots  and  fsculse.  It  is  on  theee  new 
appearances  that  the  interest  of  the  presentnlay  astronomer  is 
espedaUy  centered. 

Our  knowledge  of  the  constitution  of  the  sun  is  naturally  increased 
by  all  this  progrees.  The  fact  that  the  solar  spectrum  is  made  up  of 
Uack  lines  upon  a  bright  continuous  bacl^round  shows,  according 
to  Kirchhoff's  law,  the  existence  of  a  very  hot  source  of  light  sur- 
rounded by  a  cooler  absorbing  layer  of  gas.  The  latter  produces  in 
the  spectrum  the  lines  of  a  great  number  of  terrestrial  substances — 
iroa,  hydrogen,  calcium,  magnesium,  sodium,  etc.  Its  inner  portion, 
situated  close  to  the  brilliant  photoapJiere,  has  been  called  the  revers- 
ing 1*yer.  It  contains  the  heavier  elements,  while  the  outer  layer  or 
dtromoapktre  contains  principally  hydrogen  and  calcium.    Farther 
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out  yet,  extending  a  distance  of  several  solar  radii,  ia  found  the 
corona  which  we  have  not  yet  succeeded  in  observing  except  at  total 
eclipses  of  the  sun  (pi.  I). 

PHYSICAL  CONDITION  OF  THE  SUN. 

Formerly  the  continuous  bacl^;round  of  the  solar  spectrum  was 
attributed  to  an  incandeeceat  solid  or  liquid  nucleus.  The  prevalent 
theory  at  present  ig  that  the  sun  is  entirely  gaseous.  For  this  belief 
there  are  several  good  reasons:  Apart  from  the  mean  low  density  of 
this  star  (1.4  relative  to  water),  its  temperature  is,  as  we  shall  see, 
higher  than  that  at  which  all  known  bodies  volatilize.  Furtbw,  a 
sphere  not  gaseous  but  sohd  or  liquid  would  near  its  edge  emit 
polarized  light,  of  which  we  observe  not  a  trace.  Finally,  the  way 
in  which  the  sun  rotates  is  In  complete  contradiction  to  a  rotating 
rigid  solid  body.  The  objection  based  upon  the  continuous  badc- 
ground  of  the  spectrum  alone  remains.  This  was  overcome  wlien  it 
was  foimd  that  gases  can  give  such  a  spectrum.  The  bright  lines  in 
the  spectrum  of  a  gas  are  narrow  and  separate  when  the  gas  is  under 
a  weak  pressure,  but  they  broaden  as  soon  as  the  pressure  is  increased, 
and,  finally,  a  continuous  background  appears  which  may  indeed 
become  very  bright. 

We  find,  therefore,  that  in  order  to  account  for  the  observed  facts 
it  is  sufficient  to  assume  that  the  heavy  vapors  gather  at  the  center, 
where  they  are  under  great  pressure,  while,  according  to  their  densi- 
ties, the  l^hter  gases  in  successive  layers  make  up  the  outer  portions. 
This  explanation,  however,  has  not  satisfied  all,  and  physicists  ask 
whether  the  great  diffusive  tendencies  in  a  gas  would  not  finally  tend 
to  transform  the  whole  mass  into  a  perfectly  homogeneous  mixtura 
Further,  the  form  of  the  sun,  so  perfectly  round  and,  moreover,  so 
sharp,  requires  an  explanation  which  the  laws  of  refraction  for  a 
moment  seemed  to  give  and  about  which  we  will  say  a  word. 

We  know  that  in  our  own  atmosphere  the  path  of  a  beam  of  light 
is  curved  by  refraction,  especially  when  the  beam  is  near  the  horizon. 
(Fig.  ],)  Now  we  may  conceive  (theory  of  Schmidt)  that  the  law  of 
densities  in  the  sun's  atmosphere  is  such  that,  when  the  beam  of  light 
ia  sufficiently  inclined  to  the  vertical,  the  path  is  so  curved  that  it 
never  leaves  the  sun.  (Fig.  2.)  On  such  a  star,  in  the  upper  very 
rare  layers,  everything  would  appear  as  on  the  earth;  in  the  lower 
layers,  however,  only  those  rays  near  the  vertical  would  succeed  in 
escaping.  These  two  regions  would  evidently  be  separated  by 
another  where  the  luminous  trajectories  would  encircle  the  star 
many  times  before  emmging.  (Fig.  3.)  It  is  this  very  thin  layer 
which,  according  to  Schmidt,  constitutes  the  photosphere.  Further, 
the  dark  lines  of  the  spectrum  may  be  explained  by  the  optical 


Fio  1.— Solar  Corona:  Eclipse  of  May  28,  1900(PEnioo  of  Minimum  Activity). 

Drawn  by  M.  W.-H.  Wt^ey.  trom  photographs  by  M.  Slaiindrr. 


Fio.  2.— Line  of  Force  of  a  Sphere  Uniformly  Maonetized. 
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piHaiomenm  of  anomftlous  diapersion,*  which  accounts  alao  for  the 
winged  appearance  of  their  edges  (Juliua).  This  same  theory  offers 
aiao  an  explanation  of  the  direra  aspects  of  the  chromo^here,  the 
flocctili,  the  prominences,  as  well  as,  thon^  less  sati^ifactorily,  the 
spots. 

All  that  is  very  ingenious.  Unfortunately  this  eocplanation  c^  the 
[^toephere  assumes  that  there  is  no  absorption  of  light  in  the  sun. 
Further,  the  lines  of  the  spectrum  produced  by  anomalous  diaperucsi 
should  be  unsynunetrical,  and  theyareuot.  Although  some  physiciats 
remain  faithful  to  these  new  theories  resting  on  anomalous  dispetsirai, 
hscinated  by  their  elegance,  astronomeis  who  actually  see  the  sun 


and  observe  the  effects  due  to  perspective  can  not  believe  in  such  a 
great  optical  delusion.  They  therefore  generally  cling  to  those  ideas 
which  were  held  in  the  first  place  and  which  have  become  classical. 


SOLAB  HEAT. 
Our  ideas  as  to. the  temperature  of  the  sun  remained  for  a  long 
while  in  an  unsatisfactory  state  until  science  made  the  decisive  step 
which  was  to  insure  a  good  solution.  We  can  not  tell  the  temperature 
of  a  body  at  a  distance  except  by  means  of  some  hypothesis  as  to 
the  emissive  power  of  its  surface.  But  we  may  agree  to  call  the 
effective  temperature  of  a  distant  body  that  of  a  "black  body" 
having  by  definition  a  maximum  emissive  and  absorbing  power  at 
all  temperatures  and  which,  if  situated  at  the  same  place,  would  send 
us  the  same  amount  of  heat. 

The  theoretical  and  experimental  study  of  "black  bodies"  has 
shown  that  t^etr  radiation  is  proportional  to  the  fourth  power  of 
their  absolute  temperature  (Stefan's  law).  This  leads  us  to  measure 
the  smoimt  of  heat  per  unit  time  and  unit  surface  which  the  sun 
sends  us — that  is,  the  "solar  constaiU."    It  is  about  2  small  calories 
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per  square  centimeter  per  minute  and  corresponds  to  an  eSectire 
ten^wrature  of  a  little  less  than  6,000  degrees  absolute  (CenligrMle). 
Another  method  based  upon  the  wave-length  of  the  most  intense 
radiation  in  the  solar  spectrum  (Wien's  law),  always  assunung  an 
amiseion  from  a  black  body,  leads  to  a  like  result. 

This  is  very  far,  as  you  see,  from  the  millions  of  degrees  formerly 
supposed.  It  does  not  mean,  however,  that  the  heat  sent  out  from 
the  sun  is  not  enoimous.  We  may  well  ask  by  what  means  tliifl 
inunense  loss  of  energy  is  compensated.  It  is  indeed  imposedble  that 
the  Bun  should  bum  like  an  inunense  block  of  coal.  The  most  intense 
combustion  revealed  to  us  by  the  chemist,  for  example,  that  of  gun 
cotton,  would  not  suffice  to  feed  this  radiation  for  more  than  a  few 
thousands  of  years.  We  must  look  elsewhere.  A  rain  of  asteroids 
has  been  suggested,  which  by  its  kinetic  eneif;y  would  rratore  the 
lost  heat  to  the  sun.  Such  an  hypothesis  is  not  possible.  The  mass 
of  the  sun  would  increase  indefinitely  and  the  planets  should  show 
an  unobserved  acceleration.  The  sun,  however,  as  Hclmholtz  sup- 
posed, could  contract  httle  by  httle,  changing  into  heat  the  internal 
energy  of  the  primitive  nebula  of  Laplace.  A  contraction  of  30 
meters  per  year  would  suffice  to  explain  all.  Unfortunately,  a  very 
su^estive  calculation  shows  that  all  the  heat  that  the  sun  could 
thus  develop  since  its  origin,  by  any  mechamcal  process  vJhaUver, 
would  not  sustain  the  radiation  for  more  than  15  million  years. 
And  the  world  is  very  much  older  than  that,  at  least  so  the  geologists 
affirm.  Their  aiguments,  taken  separately,  do  not  seem  without 
value;  hut  what  ie  more  remarkable,  they  all  tend,  by  different 
paths,  to  lead  us  to  admit  a  past  very  much  longer  than  100  niilli(« 
years,  figuring  perhaps  into  thousand  millions.  We  must  apparently 
search  in  the  interior  of  the  atoms  themselves  for  the  source  of 
the  solar  heat.  The  infinitely  small,  as  Pascal  said,  will  explain  the 
infinitely  great. 

The  intraatomic  enei^  is  indeed  enormous  and  the  sun,  as  well  as 
many  of  the  stars,  shows  in  abundance  one  of  the  most  characteristic 
elements  of  radioactive  transtormations — helium.  The  mechanism  of 
the  radiation,  it  is  true,  remains  unknown.  But  the  neces^ty  of  such 
an  explanation  will  perhaps  not  be  so  imperious  in  the  near  future. 
The  problem  tends  to  assume  a  new  aspect  of  the  highest,  philo- 
sophical import.  The  physicists  of  the  new  school  are  disposed  to 
admit  and  appear  to  have  proved  a  fundamental  identity  '  between 
the  mass  of  a  body  and  its  internal  eneigy.  If  matter  is  no  more 
than  eoei^,  we  may  foresee  what  a  beautiful  simplicity  phy^cs  may 
sometime  assume.  On  this  basis  the  sun  would  possess  a  total  energy 
(easy  to  calculate  since  we  know  its  mass)  of  2  X  10**  er^,  assuring 

1  01  onnt  on  the  oonillikm  oC  Ilia  suitable  cbolc*  of  units. 
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develop  the  magnetic  fields  snd  which  the  theory  of  Emden  so  nicely 
predicts. 

Very  recently  these  researches  have  been  extended  and  it  is  thought 
that  the  evidence  shows  that  there  is  about  the  sun  a  nu^etic 
field  analf^us  to  that  about  the  earth.  We  have  just  spoken  of  this 
in  connection  with  the  corona,  but  it  should  he  further  manifested  both 
in  the  Zeeman  phenomena  and  the  helicoidal  movemente  in  the  prom- 
iaeocee.  Theee  experiments  are  not  at  present  fully  completed  and 
their  discussion  is  in  progress.    We  juat  call  your  attention  to  them. 

In  the  case  of  the  sun,  where  so  to  spe^,  all  the  resources  of  modem 
physics  have  been  givra  rendezvous,  we  find  oiirsdlves  very  far  from 
the  huge  ball  of  fire  which  our  fathen  naively  believed  they  saw. 
There  is  no  doubt  that  we  have  to  do  with  one  of  the  moat  powerful 
creative  organs  of  nature  and  the  more  we  advance  the  greater  the 
mysteries  seem  to  become.  Fortunately  this  is  tmly  apparently  so. 
As  science  advances,  new  questions  appear  bttfore  indeed  the  older 
ones,  often  badly  put,  are  solved.  But  the  lattw  often  lose  their 
interest,  and  as  we  proceed  many  untenable  hypotheses  which  dark- 
ened our  path  are  deetro]^.  And  so,  little  by  little,  the  knoidodge 
we  have  of  things  progresses  with  a  tidal  motion  vHiich  will  doubtless 
end  only  with  humanity. 
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in  Rapait,  I»I4.— d'Ocignt. 


John  Napier  of  Merchiston,  Inventor  of  Logarithms. 

(Alter  a  print  In  the  NsUonaJ  Library.} 
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extended,  of  wliich  the  primitive  type,  conceived  in  1652  by  Ouglitred, 
has  since  then,  with  various  modifications  in  detail,  multiplied  in  aii 
infinite  number  of  varieties.' 

Combined  with  diverse  mechanical  means,  such  logarithmic 
circles  have  in  their  turn  brought  about  the  construction  of  machines 
to  accomplish  operations  of  a  very  different  comphcation;  such  a 
one  is  that  extraordinary  machine  for  resolving  algebraic  equations 
of  any  degree  whatever,  designed  about  20  years  ago  by  M.  Torrfe- 
Quevodo,  and  which  that  ingenious  Spanish  scholar  exhibited  several 
months  ago,  among  many  other  devices  of  his  own  invention,  not  loss 
surprising,  in  the  mechanical  laboratoiy  of  the  Sorbonne. 

It  is  also  from  the  logarithmic  scale  that  Lalanne  derived  the  idea 
of  anamorphosis,  announced  in  1843,  which  has  so  notably  con- 
tributed to  the  development  of  graphic  methods  of  calculation  and 
has  been  the  origin  of  the  new  conceptions  which  gradually  developed 
into  what  is  to-tiay  known  as  Nomography. 

When  we  thus  rapidly  glance  at  the  great  multiplicity  of  results 
in  practice  and  in  theory  which  have  sprung,  from  the  invention  of 
the  Scotch  lord  in  1614,  we  come  to  realize  that  of  all  the  achieve- 
ments of  human  genius,  not  one  has  surpassed  this  in  fecundity,  and 
we  can  have  only  praise  for  the  happy  initiative  which,  as  shown  by 
the  impressive  celebration  of  its  tercentenary,  has  led  the  pubhc 
thought  toward  the  source  of  so  much  progress. 

I  On  tluae  meLhoda  and  the  different  mechuilcsl  m  giBphlo  methods  which  have  been  devised  fm  the 
ttmpliDcatlon  ol  nnmorlciil  calculation,  see  the  work  of  the  aiithoi  of  the  prraent  article:  "Le  calcal  ilia- 
plUUperleprDoM^mficaalqiusetgiBphiquea"  (published  by  Oautbiei-VIUan). 
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MODERN  VIEWS  ON  THE  CONSTITUTION  OF  THE  ATOM.' 


By  Prof.  A.  S.  Ete, 
McGxU  Univenit^. 


At  a  meeting  of  the  Royal  Society  of  Canada  h^d  at  Moatre&l, 
May,  1914,  the  writer  gave  by  request  a  summary  of  recent  work 
and  ideas  on  the  nature  of  the  atom.  The  object  was  to  concentrate, 
as  clearly  as  possible,  but  not  exhaustively,  the  results  and  opinions 
scattered  through  many  differoit  publications.  Few  men  have  time 
or  opportunity  to  collect  and  analyze  for  themselves  the  large  output 
bearing  on  this  fascinating  subject. 

1.  It  may  be  well  to  call  attention  to  the  general  bearing  of  the 
Hifaiation.  Biologists  are  divided  into  three  camps,  vitalists,  mechan- 
ists, and  those  who  sit  on  the  boundary  fence.  The  mechanists  be- 
lieve that  all  phenomena  relating  to  life  are  attributed  to  the  action 
of  physical  and  chemical  processes  only.  The  vitalists  believe  that 
life  involves  something  beyond  and  behind  theea  Now  those  who 
investigate  natural  philosophy,  or  ph3nics,  are  endeavoring  with  some 
fur  initial  success,  to  explain  all  physical  and  chemical  processes  in 
terms  of  positive  electrons,  negative  electrons,  and  of  the  effects 
IHt>duced  by  these  in  the  ether,  or  space  devoid  of  matter. 

'  If  both  the  mechanists  are  right,  and  also  the  physicists,  then  such 
jdieQomena  as  heredity  and  memory  and  intelligence,  and  our  ideas 
of  morality  aad  religion,  and  all  sorts  of  complicated  affairs  are  ex- 
plainable in  terms  of  positive  and  ne^tive  electrons  and  ether. 
All  of  these  speculations  are  really  outside  the  domain  of  science,  at 
least  at  present. 

2.  It  has  been  remarked  by  Poincarfi  that  each  fresh  discovery  in 
physics  adds  a  new  load  on  the  atom.  The  conditions  which  the 
atoms  have  to  explain  may  indeed  be  written  down,  but  to  do  so  is 
merely  to  make  a  complete  index  for  all  books  on  physics  and  chem- 
istry in  the  widest  sense. 

3.  In  the  eariy  days  of  the  kinetic  theory  of  gases,  now  vreA  estab- 
lished in  its  broad  outlines,  it  was  sufficient  to  regard  the  atom  as  a 
pofectly  elastic  sphere,  and  it  is  about  a  generation  ago  '  that  lead- 

'  Ba^lnud  b;  ^Hmteko  from  Sctanoa,  latj  M,  WU. 

•  Yaant  ptorwl  Hik  Id  1806,  bnt  hk  «ak  wiu  Itrgotun,  nntO  Rajlalt^  callwl  BtteDtloa  lo  It  In  IBM 
PULM^.,  v(>L3«,p.4Tt. 
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ing  sarants  were  triumphantly  determining  the  effective  radius  as 
about  10~*  an.  (a  convenient  shorthand  for  the  hundred  millionth 
of  a  centimeter). 

The  discovery  of  electrons  as  the  cathode  rays  of  an  electric  dis- 
charge in  an  e^austed  tube,  and  as  the  beta  rays  of  radium,  opraied 
up  new  regions.  It  appears  that  negative  electricity  consists  of 
electrons  with  their  accompanying  but  imexplained  effects  in  the 
ether.  Electrons  in  motaon  produce  magnetic  fields.  Their  effec- 
tive mass  is  about  one  eighteen  hundredth  part  of  that  of  a  hydrograi 
atom,  and  their  effective  radius  one  hundred  thousandth.  The 
greatest  known  speed  of  ^ectroDs  neariy  approaches  that  of  light. 

The  Zeeman  effect,  or  separation  of  a  single  line  in  the  spectrum 
by  suitable  magnetic  fields  into  two  or  more  tines,  proved  ooit- 
du^vely  that  the  vibrations  of  n^ative  electrons  in  the  atom  are 
the  cause  of  the  disturbances  in  the  ether  which  we  know  as  light. 

4.  The  first  scheme  of  an  electronic  atom,  propoimded  by  Sir 
Joseph  Thomson,  was  a  sphere  of  positive  rfectricity  of  undefined 
character,  within  which  revolved  coaoentnc  rings  of  electrons  in  the 
same  plane.  There  necessarily  followed  the  simplicity  of  circular 
motion  under  a  force  to  the  center,  proportional  to  the  distance  be- 
tween the  electron  and  the  center  of  the  atom. 

5.  Previous  to  this  Lord  Rayleigh  had  called  attention  to  a  aerioua 
uiomaly.  In  a  train  of  waves  of  a  periodic  character,  the  electric 
intensity  E  varies  as  the  sine  of  rd,  where  t  is  the  time  and  2n/n  is 
the  period.  As  the  equations  involve  the  second  differential  of  £, 
it  appears  inevitable  that  the  square  of  n  should  appear  in  the  law 
for  spectral  series.  As  a  matter  of  fact  there  appears  not  the  square 
of  n,  but  n  iteelf.  It  is  desirable  to  be  more  explicit.  If  pu^el  * 
hght  from  a  luminous  source  passes  through  a  slit  and  a  prism, 
tc^ther  with  suitable  lenses,  then  the  eye  or  photographic  plate  can 
detect  a  number  of  br^ht  lines  forming  the  spectral  im^es  of  the 
^it  for  different  colors,  provided  that  the  light  is  from  luminous 
mercury  vapor  or  hydrogen,  or  some  such  source.  Many  of  these 
lines  have  been  found  to  belong  to  one  or  more  series  crowding  to- 
gether toward  the  violet  end.  Balmer  and  Rydberg  have  found 
that  the  general  type  of  formula  for  their  frequency  n  ia 


»-N.G.-^> 


where  N,  is  a  universal  constant  called  Rydberg's  uimiber,  thb  same 
in  value  for  all  electrons  of  all  atoms ;  and  a  and  h  are  whole  numbers 
or  integers.  We  shall  refer  later  to  the  importance  of  Rydherg'a 
constant  and  of  this  magnificent  generalization.  . 
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The  trouble  to  which  Rsyl^h  referred  was  first  faced  by  Ritz  in 
«  startling  manner.  He  imagined  that  there  were  inside  the  atom, 
placed  end  to  end,  a  number  of  small  magnets  with  an  electron  oon- 
Htnined  to  move  in  a  circular  path  aroimd  Uie  line  of  magnate. 
With  this  hypotheeis  he  was  able  to  aooount  correctly  for  the  above 
law  for  series  of  lines  in  the  spectrum. 
We  may  appreciate  FoincafS's  criticism — 

Od  ft  qaelquB  peine  i.  accepter  cette  conception,  qui  a  je  oe  mie  quoi  d'artiOciel. 
Inasmuch  as  physicists  endeavor  to  explain  magnetbm  in  terms 
of  revolving  electrons,  there  is  a  lack  of  simplicity,  and  there  is  an 
inconsistency,  in  introducing  elemental  magnets  inside  the  atom. 
Nerertheless,  it  must  be  admitted  that  Weiss  has  found  remarkable 
evidence  for  the  conception  of  magnetons  or  elemental  unit  magnets, 
producing  intramolecular  fields  reaching  to  millions  of  Gauss  units, 
far  transcending  any  produced  by  our  most  powerful  electromagnets, 
and  difficult  to  explain  by  revolving  electrons. 
Again  to  quote  Poincar^ — 

Qu'  eetrce  mAinteBaat  qu'un  magn^toiiT  Eet«e  quelque  choee  de  simple?  Nan, 
B  I'on  ne  veut  pas  renoncer  k  I'bypoth^  dee  coumnta  particul&itea  d'Amp^re;  un 
totgaitoa  eet  &lora  im  tourbillon  d'^lecUons,  et  voila  notre  atome  qui  compliqiie  de 
pins  en  plus. 

Perhaps  the  hypothesis  of  Bohr,  explained  later,  may  overcome  the 
difficulty,  but  for  some  time  to  come  the  more  prudent  will  suspend 
judgment  on  the  magneton. 

Recently  there  has  been  nothing  short  of  a  revolution  in  physics. 
In  certain  domains,  the  leading  workers  and  thinkers  have  dehberately 
abandoned  the  classical  dynamics  and  electrodynamics,  and  made 
suppomtions  which  are  in  direct  opposition  to  these.  This  startling 
dliange  may  perhaps  be  justified  by  the  fact  that  the  famous  laws 
and  equations  were  based  on  large-scale  experiments,  so  that  they 
do  not  necessarily  apply  to  conditions  within  the  atom.  Those  who 
put  forward  and  make  use  of  the  new  hypotheses,  men  like  Planck 
and  Lorentz,  Poincar£  and  Jeans,  and  others,  appear  to  do  so  with 
reluctance,  like  a  retiring  army  forced  from  one  position  to  another. 
Others,  like  Rayleigh  and  Larmor,  appear  to  regard  the  whole  move- 
ment with  mis^vings,  and  some  endeavor,  like  Walker  and  Callendar, 
to  find  a  way  out.  There  is  a  young  school  who  go  joyfully  forward, 
selecting  and  suggesting  somewhat  wild  hypotheses,  and  yet  attain- 
ing an  unexpected  measure  of  success  by  their  apparently  reckless 
methods. 

The  main  phenomena  to  which  the  new  mechanics  have  been  ap- 
plied are  the  radiation  within  an  inclosure,  and  the  distribution  of 
energy  therein;  the  high  speed  of  electrons  ejected  from  matter  by 
ultra-violet  light,  or  by  Rdntgen  rays,  or  by  the  gamma  or  pene- 
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trating  rays  from  radioactive  substances,  or,  as  I  suggest  that  we  call 
thetn,  from  radiants;  the  atomic  heat  of  elements,  so  admirably  han- 
dled by  Debye;  the  resdual  eneigy  at  low  temperatures;  and  the 
constitution  of  the  atom. 

Space  prevents  us  from  considering  more  than  the  last  of  these. 

liie  first  step  toward  the  new  method  was  taken  by  Planck  when 
he  saw  the  necessity  of  explaining  why  the  energy  of  short-wave 
radiation  is  some  hundred  millionth  part  of  that  demanded  by  class- 
icfil  dynamics.  He  made  the  supposition  that  eneigy  is  not  indefi- 
nitely divisible,  but  he  did  not  assume  that  it  was  atomic.  He 
actually  imaged  that  energy  was  emitted  from  oscillators  in  exact 
multiples  of  hn,  where  n  is  the  frequency  of  the  oscillation  and  k  is 
a  universal  constant  (Planck's)  with  a  value  6.5X10""  erg  second, 
llie  magnitude  of  the  energy  quantum  is  thi^  proportional  to  the 
frequency. 

Tbia  quantum  hypothesis  has  spread  like  fire  during  a  drought. 
It  pervades  the  scientific  journals.  No  physicist  has  pretended  to 
explain  or  understand  it,  for,  as  Jeans  says,  the  lucky  guess  has  not 
yet  been  made.  Nevertheless,  it  appears  that  "h"  has' truth  undei^ 
lying  it,  and  that  it  has  come  to  stay,  for  the  applications  of  the 
quantum  hypothesis  have  already  achieved  a  great  and  imexpected 
measure  of  success.  In  the  meantime  it  is  necessary  to  proceed  with 
caution,  checking  every  theory  by  experiment,  for  there  is  no  other 
criterion  to  guide  the  investigator,  whether  to  hold  to  the  old  or  try 
the  new. 

7.  The  first  steps  toward  the  idea  of  the  modem  or  Rutherfordian 
atom  rest  on  an  experimental  basis,  and  are  not,  therefore,  open  to 
suspicion. 

Rutherford  and  Geiger  found  that  when  the  alpha  particles  from 
a  radiant,  such  as  radium  or  polonium,  met  a  thin  gold  leaf,  the  bulk 
of  the  alpha  particles  passed  through  with  slight  defiection,  but 
about  1  in  8,000  bounced  back,  or  returned  toward  the  side  of  their 
source.  Both  large  and  small  deviations  of  the  alpha  particles  in 
passing  through  matter  were  satisfactorily  explained  by  ordinary  or 
Newtonian  dynamics,  with  the  law  of  repulsion  inversely  as  the 
square  of  the  distance  between  similar  electric  chaises.  One  charged 
particle  was  the  alpha  particle  with  a  positive  charge  twice  as  large, 
numerically,  as  that  of  an  electron.  The  other  charged  particle  was 
the  nucleus  of  the  atom  of  gold,  and  the  magnitude  of  this  charge 
was  about  ^A  where  A  is  the  atomic  weight  of  gold.  This  view  was 
subjected  to  a  searching  series  of  experimental  tests  and  emerged 
triumphant. 

8.  About  this  time  C.  T.  R.  Wilson  skillfully  obtained  phoU^raphs ' 
of  the  mist-ladened,  chained  air  molecules,  marking  the  track  of  a 
recent  alpha  particle,  in  an  expansion  chamber.    Some  of  these 
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photographa  showed  where  a  collision  had  occurred  between  the 
alpha  particle  and  one  of  the  heavier  moleculea  of  air.  It  immedi- 
ately occurred  to  8ir  Ernest  Rutherford  that  a  collision  between  an 
alpha  particle  and  a  lighter  atom,  such  as  hydn^en,  would  result  in 
the  nucleus  of  the  latter  being  projected  beyond  the  known  range 
of  the  alpha  particle.  The  point  was  put  to  the  test  by  Marsden,  and 
a  complete  justification  of  RutherJFoTd'a  nucleus  resulted.  The 
hydrogen  nudei  were  found  to  produce  scintillations  on  a  2dnc  sul- 
phide screen  at  a  range  about  four  times  as  great  as  that  of  the  alpha 
particles.  Some  mathematical  investigations  by  G.  C  Darwin  indi- 
cated that  the  alpha  particle  or  nudeua  of  helium,  and  the  hydrogen 
DucleuB  must  have  approached  so  close  that  their  centers  were  buf 
1.7  XIC""  centimeter  apart.  This  affords  further  evidence  of  the 
exteeme  minuteness  of  the  nucleus  compared  with  the  size  of  an 
atom  (10^  centimeter). 

9.  It  may  be  well  to  recall  at  this  point  an  interesting  result  of 
Barkla,  obtained  some  years  earlier,  who  showed  from  the  scattering 
of  Rontgen  rays  that  the  number  of  electrons  in  the  atom  must  be 
about  iA,  where  A  is  the  atomic  wei^t.  In  the  case  of  an  unchained 
atom,  the  positive  charge  on  the  nucleus  must  evidently  balance  the 
negative  -diarges  on  the  electrons  revolving  in  orbits  around  that 
nucleus. 

Thus  we  can  form  a  clear  mental  picture  of  the  general  character 
of  the  atom.  It  ia  a  miniature  solar  system.  The  sun  is  replaced 
by  the  po^tively  charged  nucleus.  The  planets,  perhaps  confined 
(o  one  or  more  definite  orbits  or  rings,  are  replaced  by  negative 
electrons  revolving  rapidly  around  the  nucleus.  The  gravitational 
force  is  replaced  by  the  electrical  attraction  between  the  positive 
nucleus  and  negative  electrons. 

10.  A  brilliant  young  Dane,  Bohr,  has  gone  a  step  further  and 
suggested  the  structure  of  an  atom  capable  of  explaining  the  series 
of  spectral  lines.  His  work  is  remarkable  as  leading  to  excellent 
numerical  verification.  He  assumes  the  Rutherfordian  nudeus  of 
electronic  charge  about  half  the  atomic  weight;  he  assumes  that  for 
every  revolving  electron  in  every  atom  the  angular  momentum  is 
some  exact  multiple  of  Planck's  constant  /2t. 

He  further  supposes  that  in  a  steady  stationary  orbit  even  a  single 
electron  does  not  radiate  away  eneigy.  This  is  entirely  contrary  to 
classical  electrodynamics.  Furthermore  he  imagines  that  in  passing 
from  one  state  of  stationary  orbit  to  the  next  possible,  there  is  homo- 
geneous radiation  of  amount  hn,  where  n  is  the  frequency.  This  is 
of  course  Planck's  assumption,  and  it  is  certainly  unexplained,  and 
probably  not  in  accord  with  Hamilton's  equations  as  deduced  from 
Newton's  laws.  Nevertheless,  any  day  we  may  leam  why  energy  is 
emitted  per  saltnm,  and  this  mystery  will  vaniah.  ,  ~  ■ 
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Now  if  you  penult  these  somewhat  arbitrary  assumptions  to 
Bohr,  he  can  and  does  deduce,  at  least  for  the  lighter  atoms  such  as 
hydrogen  and  helium,  the  Rydberg  formula  for  the  spectral  series. 
He  finds: 


where  n  is  the  frequency;  m,  e,  mass  and  charge  of  an  electron;  h  is 
Planck's  constant;  a,  b,  are  integers.  The  quantity  before  the 
bracket  should  equal  the  Rydberg  number  N,,  of  obserred  value 
3.29X10'*.  Bohr's  calculated  value  is  3.26X]0>*,  showing  a  most 
satisfactory  agreement. 

Bohr  endeavors  to  account  (or  the  manner  in  which  two  hydrogen 
atoms  form  a  molecule.  Each  atom  has  a  nucleus  of  positive  charge 
and  a  simple  electron  revolving  around  it.  Their  charges  are  equal 
and  opposite.  The  nuclei  of  two  such  atoms  repel  each  other.  The 
revolving  electrons  of  two  atoms  close  together,  if  rotating  in  the  same 
direction,  constitute  two  parallel  currents  of  electricity,  and  these 
attract  one  another  and  arrive  in  the  same  plane.  It  is  easy  to  make  a 
model  on  a  whirling  table  with  the  nuclei  on  an  upright  rod,  the 
electrons  revolving  like  the  governor  balls  of  an  engine.  Bohr  has 
gone  further,  and  conceived  a  aiTnilar  model  of  a  water  molecule  with 
the  two  nuclei  of  hydrogen  and  one  nucleus  of  oxygen  in  a  straight 
line,  with  10  electrons  revolving  in  theu-  zones  around  them.  No 
doubt  these  su^estive  schemes  are  somewhat  speculative,  but  it  is 
refreshing  to  find  a  first  approximation  to  a  dynamical  scheme  re- 
placing the  .old  unsatisfactory  electrostatic  atoms,  wliich  probably 
did  not  approximate  to  the  truth.  Some  of  the  formidable  oi^anic 
molecules  must  liave  a  complexity  which  it  may  take  generations  of 
physicists  to  unravel. 

11,  One  of  the  triumphs  of  mathematical  physics  was  the  forecast 
of  Ijaue  that  crystal  bodies  have  their  atoms  so  distributed  that 
Rontgen  rays  must  be  diffracted  by  these  atoms  in  the  same  manner 
that  closely  ruled  cross  lines  diffract  visible  light.  This  forecast  and 
ita  rapid  verification,  enable  the  two  Braggs,  father  and  son,  to  meas- 
ure with  accuracy  the  wave  lengths  of  Rontgen  rays.  Wliile  the 
waves  of  visible  light  are  of  the  order  10~*  centimeter,  those  of  Ront- 
gen rays  are  of  the  order  10"'  centimeter,  about  one-thousand  tli  of 
the  former.  The  electromagnetic  theory  recognizes  no  intrinsic 
difference  between  the  great  waves  of  wu^less  telegraphy,  several 
kilometers  in  length  (10' centimeters),  short  electric  waves,  long  heat 
waves,  visible  light  (10"*  centimeter),  ultra-violet  waves,  and  Ront- 
gen rays  (10~'  centimeter). 

The  method  of  reflecting  Rdntgen  rays  from  a  rock-salt  or  another 
crystal  has  been  apphed  by  Moseley  with  marked  success  to  the 
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deteimination  of  the  nucleua  charges  of  the  atoms  of  most  of  the  ele- 
ments. He  bombarded  the  elementa,  one  after  the  other,  by  electrons 
as  cathode  rays,  reflected  the  resulting  ROnt^n  rays  from  a  crystal, 
and  measured  the  wave-lengths  of  one  or  other  of  the  principal  (K.  or 
L,  hard  or  soft)  radiations. 

In  this  manner  he  found 

n  =  A(N-B)', 
where  n  is  the  frequency  of  vibration,  N  the  nucleus  electronic  chai^, 
necessarily  a  whole  number,  and  A  and  B  are  determined  constants. 
In  this  manner  he  has  found  the  atomic  numbers  N  of  all  the  known 
elements  from  aluminiimi  13  to  gold  79.  There  appear  to  be  but  two 
or  three  elements  not  yet  found  by  the  chemists.  These  experimental 
results  bear  out  well  a  view  first  propounded  by  van  den  Broek,  that 
each  element  has  an  atomic  nimiber,  an  integer  representing  its  place 
in  the  periodic  table  (H  1,  He  2,  Li  3,  Be  4,  Bo  5,  C  6,  and  so  forth). 
The  atomic  weight  is  not  an  exact  integer,  nor  of  such  fundamental 
character  as  the  atomic  number.  There  will  be  further  reference  to 
this  point  later. 

12.  Rutherford  has  extended  Moseley'a  method  and  rosulta  to  the 
crystal  reflection  of  the  gamma  rays  from  a  radiant  (Ra  B),  and 
determined  the  wave  lengths  of  many  lines,  in  particular  of  the  two 
strongest.  Ha  has  bombarded  lead  with  Ra  B  rays  and  found  the 
wave  lengths  of  the  radiation  stimulated  in  the  lead.  He  found  that 
Radium  B  and  lead  gave  the  same  spectrum,  indicating  that  they 
have  the  same  atomic  number,  82.  Hence  he  deduced  the  atomic 
numbers  of  all  the  radiants  in  the  uranium-radium  family.  His 
results  are  worth  repeating. 
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13.  AH  of  these  results  are  in  harmony  with  the  wonderful  advances 
in  radiochemistry  due  to  Soddy,  Fajana,  Von  Hevesy,  and  others.  It 
has  been  found  that  when  a  radiant  emits  an  alpha  particle  or  helium 
nucleus,  the  chemical  properties  of  the  newly  formed  radiant  differ 
from  the  old.  A  fresh  element  is  formed,  a  different  valency  results, 
and  the  new  radiant,  relative  to  the  old,  is  two  columns  to  the  loft  in 
the  periodic  table.  The  atomic  number  has  decreased  2  and  the 
atomic  weight  about  4.  But  when  a  radiant  ejects  a  beta  purticlo  or 
electron,  again  there  is  a  new  radiant  with  different  valency  and 
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I  of  one  column  to  the  ri^t 
the  atomic  umnber  and  no 


chemical  properties,  but  there  is  a  m 
in  the  periodic  table;  a  gain  of  one 
change  ia  the  atomic  weight. 

A  brief  example  of  the  whole  acheme  applicable  to  all  radiants 
given  below: 
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In  the  case  of  theso  radiants  Ur  1  ejects  an  a  particle  and  givee 
rise  toUrX  1.     The  latter  audUrX  2,  respectively,  emit  a  ^  particle. 

It  should  be  added  that  the  short-hved  product  Ur  X  2  or  "  bre- 
yjum"  was  discovered  by  this  theory,  after  it  had  been  formulated 
from  the  known  behavior  of  other  radiants. 

It  will  be  seen  that  Uranium  1  and  2  are  in  the  same  coliuun  and 
.  have  the  same  atomic  number,  but  that  their  atomic  weights  differ 
by  4.  Such  substances  have  chemical  properties  so  identical  that 
they  are  called  inseparables,  or  nonseparables,  or  isotopes,  for  they 
occupy  the  same  place  in  the  periodic  table.  Thus  the  old  trouble 
of  finding  places  in  the  periodic  tabic  for  the  30  or  40  radiant  elements 
has  suddenly  vanished.  They  may  bo  superposed  even  when  their 
atomic  weights  differ,  if  their  atomic  numbers  are  the  same.  The 
nuclear  chains  of  isotopes  must  be  identical,  but  the  distribution  of 
electrons  may  be  different.  Other  examples  of  inseparables  are  lead, 
radium  B,  radium  D,  all  82;  thorium  and  radiothorium ;  radium  and 
mesothorium. 

It  must  be  further  noted  lliat  the  results  of  radiochemistry  appear 
to  require  the  presence  of  negative  electrons  in  the  nucleus  itself. 
The  expulsion  of  a  j3  particle  or  ono  negative  electron  from  the  nucleus 
is  equivalent  to  the  gain  of  one  positive  electron,  and  involves  a  unit 
increase  in  the  atomic  number. 

14.  The  last  advance  is  the  most  important  and  far-reaching. 
There  has  been  long  search  for  the  positive  electron,  and  in  vain ;  yet 
it  seems  likely  that  it  has  been  under  our  eyes  all  the  time.  Since  the 
hydrogen  atom  never  loses  more  than  a  single  electron,  is  it  not  po&> 
sible,  suggests  Rutherford,  that  the  nucleus  of  the  hydrt^n  atom  maj 
be  the  positive  electron  ? 

The  electromagnetic  mass  of  an  electron  ia  where  e  is  the  chai^ 

and  a  the  radius.  If  the  mass  of  the  hydrogen  nucleus  is  wliolly  elec- 
tromagnetic, then  its  radius  must  be  smaller  than  that  of  the  electron 
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(neg»tive)  as  1 :1800,  for  that  ia  the  ratio  of  their  masses,  whtlo  their 
charges  aie  equal  and  opposite.     Hence  we  have 
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Rutherford  cautiously  remarks  that  there  is  no  experimental  evi- 
dence against  such  a  supposition. 

Those  who  wish  to  follow  the  matter  deeper  must  refer  to  many 
articles  in  the  Philosophical  M^azine,  several  letters  to  Nature, 
Soddy's  "Chemistry  of  the  Radio-elements,"  Part  II,  and  Perrin's 
"Les  Atomes."  The  chief  writers  have  been  Rutherford,  W.  H. 
Br^g,  W.  L,  Bragg,  G.  C.  Darwin,  Moseley,  Broek,  Bohr,  Russell, 
Fajana,  Soddy,  Hevesy,  Nicholson,  and  Marsden. 

Much  has  yet  to  be  done,  and  much  to  be  revised,  but  that  the  first 
great  forward  strides  have  been  taken  in  the  right  direction  there  can 
be  little  doubt. 
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GYROSTATS  AND  GYROSTATIC   ACTION.' 


By  Prof.  Andmw  Grav,  M.  A.,  LL.  D..  F.  R.  S. 


[Mth  10  platee.] 

We  are  accustomed  in  daily  life  to  handle  nonrotating  bodies, 
and  their  dynamical  properties  excite  little  attention,  though  it 
can  not  be  said  that  they  are  commonly  understood.  It  is  different, 
howeTer,  with  rotating  bodies.  These,  when  handled,  seem  to  be 
endowed  with  paradoxical,  almost  magical,  properties.  I  have  here 
an  e^'shsped  piece  of  wood.  I  place  it  on  the  tabic  and  it  rests,  as 
we  expect  it  to  do,  with  its  long  axis  horizontal  Our  experience 
tells  us  that  this  is  the  natural  and  correct  position  of  the  body. 
But  I  set  it  spi,nning  rapidly  on  the  table,  as  you  see,  with  the  long 
axis  horizontal,  and  you  observe  that  after  an  apparently  wobbling 
motion  it  erects  itself  so  that  its  long  axis  is  vertical.  It  was  started 
spinning  about  a  shortest  axis,  but  the  body  has  of  itself  changed 
tiie  spin,  and  it  is  now  turning  about  the  long  axis.  In  taking  this 
position  it  has  actually  raised  itself  against  gravity  tlirough  a  height 
equal  to  half  the  difference  between  the  lengths  of  the  long  and 
short  axes.  This  seems  paradoxical,  but  the  man  who  is  in  the  habit 
of  spinning  tops  knows  that  this  is  the  proper  position  of  the  body; 
that  it  must  stand  up  in  this  way  when  spinning  rapidly  on  a  rough 
horizontal  plane. 

This  experiment  may  be  performed  at  the  breakfast  table  with  an 
e^  as  the  spinning  body.  But  the  egg  must  be  solid  within — that 
is,  it  must  be  hard-boiled;  a  raw  or  soft-boiled  egg  will  not  spin. 
Perhaps  this  is  why  Columbus  did  not  adopt  this  method  for  his 
celebrated  experiment;  there  may,  of  course,  have  been  other  reasons. 

It  is  thus  made  clear  that  by  causing  a  body  to  rotate  rapidly  we 
endow  it  with  new  and  strange  properties.  Between  a  top  when 
spinning  and  the -same  top  when  not  spinning  there  is  a  difference 
which  reminds  us  of  that  between  living  and  dead  matter;  and  this 
will  strike  us  still  more  forcibly  when  we  consider  some  more  compli- 
cated cases  of  rotational  motion.  The  top,  the  ordinary  spinning 
top  of  the  schoolboy,  stands  on  its  peg  and  "sleeps"  in  the  upright 
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position,  in  contempt  of  ail  the  laws  which  govern  statical  equilib- 
rium. 

The  experimental  study  of  spinning  tops  is  carried  on  by  very 
small  boys  end  a  few  more  or  less  aged  people.  Somehow,  but  I 
think  quite  wrongly,  a  top  is  regarded  as  a  toy  suitable  only  for  a 
child,  and  that  kind  of  amusement  is  scarcely  encouraged  by  the 
benevolent  despots  who  so  completely  direct  the  games  of  boys  at 
school  Among  older  boys  there  used  to  be  a  regular  game  in  Scot- 
land of  "peeries,"  and  some  of  you  may  have  read  Clerk  Maxwell's 
poetical  description  of  the  Homeric  contests  which  distinguished  the 
sport. 

The  top  as  a  plaything  is  despised;  nevertheless  it  is  a  most  im- 
portant  contrivance.  The  earth  on  which  we  live  is  a  top,  and  a 
considerable  range  of  astronomical  phenomena  are  most  easily 
explained  by  reference  to  the  behavior  of  ordinary  spinning  tops.  It 
is  a  top  that  directs  the  dirigible  torpedo,  that  controls  the  monorail 
car,  which  may  soon  rise  from  the  position  of  a  small  model  to  that  of 
an  important  affair  of  practical  railway  engineering,  and  that  in  the 
gyrostetic  compass  gives  a  direction-pointer  unaffected  by  the  iron  of 
the  ship  or  the  rolling  and  pitching  of  the  vessel.  Ite  properties 
(summed  up  in  what  we  call  gyrostatic  action)  have  to  be  reckoned 
with  in  all  swift-running  machinery,  such  as  fast-speed  turbines  and 
rotary  engines  of  all  kinds,  especially  if  these  drive  flywheels  or  pro- 
pellers. They  affect  very  seriously  the  stability  of  aeroplanes  and 
even  of  submarines,  and  I  am  very  doubtful  if  aviators  have  yet 
become  in  sufficient  degree  instinctively  alive  to  the  dangers  of 
sudden  turning,  such  as  those  which  are  or  used  to  be  encouraged 
by  the  promoters  of  aviation  displays  in  alighting  competitions. 

The  man  who  has  spun  and  studied  tops  and  gyrostats  appreciates 
as  DO  one  else  can  the  extreme  impori»nce  of  properly  balancing 
rotating  machinery,  and  of  avoiding  gyrostatic  action  where  such 
action  is  likely  to  interfere  with  the  running  of  the  machine  as  a 
whole. 

The  properties  of  a  top  are  best  studied  in  the  gyroscope,  or  gyro- 
stat, OS  it  is  better  called.  Here  is  a  simple  gyrostat,  of  the  ordinary 
form  sold  in  the  toy  shops,  but  with  some  important  modificatioas 
to  enable  it  to  run  for  a  long  time  at  a  higfa  speed.  It  consists,  as  you 
see,  of  a  heavy-rimmed  metal  disk  or  flywheel  c&psble  of  rotation 
with  but  little  resistance  from  friction  on  pivots  held  in  sockets 
attached  to  a  metal  frame.  Thus  the  flywheel  may,  by  the  quick 
withdrawal  of  a  string  wound  round  its  axle,  or  in  some  other  way,  be 
set  into  rapid  rotation^  in  the  frame,  which  in  turn  is  mounted  in 
various  ways  to  show  gyrostatic  effects.  But  this  ordinary  form,  as 
well  as  some  others  of  a  more  pretentious  character,  suffers  from  tli« 
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great  disadTantage  of  hayiag  no  means  of  maintaining  the  spin,  and 
the  continual  renewal  of  the  spin  is  a  great  nuisance. 

I  have  here  a  gyrostat  (fig,  1)  *  in  which  this  drawback  has  been 
oveicome  by  Uie  simple  and  effeotire  device  of  making  the  flywheel 
itself  tiie  roUtr  of  a  high-apeed  continuous-current  electric  motor. 
THiB  ordinary  gramme-ring  armature  is  well  adapted  for  this.  It 
gnn  t  wheel  of  great  moment  of  inertia,  or,  as  I  call  it, '  'spin  inertia" 
(that  is,  the  matter  of  the  wheel  is  distributed  so  as  to  be  on  the 
whole  as  distant  from  the  axis  as  poeable),  which  can  be  run  at 
high  speed  for  a  long  time  without  trouble  of  any  kind  from  bearings 
or  contacts. 

For  my  first  experiments  the  motor  gyrostat  is  set  up,  with  the 
axis  of  the  flywheel  horizontal,  in  this  mounting,  which  consists,  as 
you  see,  of  a  fork  perched  on  a  pillar.  Notice  the  possible  motions, 
the  freedfHns,  I  may  call  them,  of  the  arrangement.  The  flywheel 
can  turn  about  its  axle,  the  case  can  turn  about  the  line  of  the  pivots 
which  cany  it  in  the  fork,  and  the  fork  about  a  rertioal  axis  provided 
in  the  pillar.  These  three  axles,  which  we  shall  number  1,  2,  3,  are 
mntoaUy  at  ri^^t  angles  and  meet  at  the  center  of  gravity  of  the 
movable  system  or  gyrostat  proper.  When  thus  set  up  the  gyrostat 
ia  Bud  to  be  freely  mounted. 

With  the  flyvheel  at  rest  I  push  down  on  one  side  of  the  case,  and 
inunediately  turning  takes  place,  as  we  should  expect,  about  the  axis 
2.  Pushing  down  the  other  side  of  the  case  causes  the  instrument  to 
tan  about  tlie  axis  2  in  the  opposite  direction.  I  grasp  the  fork  in 
my  hands  and  turn  it  about  the  axle  3  in  either  direction.  Nothing 
onsxpected  happens ;  the  gyrostat  turns  with  the  fork,  its  axis  remain- 
ing horizontal  throughout.  Again,  I  grasp  the  pillar  in  my  hands  and 
turn  it  on  the  table,  and  you  see  that  the  friction  of  the  axle  S  is  suffi- 
cient to  cause  the  fork  and  gyrostat  to  move  round  with  the  pillar. 
Am  before,  the  axis  of  the  flywheel  remains  horizontal. 

My  assistant  now  causes  a  current  of  electricity  to  flow  in  the  coils 
idiich  form  part  of  the  flywheel  and  in  the  coils  which  surround  the 
wtit  iron  core  of  the  magnet  which  is  stationary  within  the  ring.  So 
far  yon  can  only  tell  that  the  flywheel  is  turning  by  the  faint  hum 
which  its  motion  sets  up.  But  when  I  repeat  the  operations  which 
I  have  just  performed  on  the  nonrotating  gyrostat,  the  behavior  of 
the  instrument  is  quite  startlingly  different.  I  push  down  on  one 
^e  of  the  case  as  before;  a  resisting  force  is  experienced,  and  the 
gyrostat  turns,  not  visibly  about  the  axle  2,  but  about  3,  the  vertical 
axis.  So  long  as  I  maintain  the  tilting  force  so  long  does  the  resist- 
a&oe  and  this  turning  about  the  vertical  persist.  I  withdraw  the 
tflting  force,  and  the  turning  motion  ceases. 
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in  point  of  fact,  and  this  is  the  secret  of  the  whole  affair,  tltis  turning 
of  the  iKxly  as  a  whole  amounts  to  the  production  of  spin  momentum 
about  the  couple  axis  at  eixaetly  the  proper  rate.  It  is  quite  easy  to 
prore  this  by  the  consideration,  in  the  most  elementary  way,  of  the 
accelerations  of  the  different  particles  composing  the  wheel. 

The  turning- of  the  spin  axis  toward  the  couple  axis  is  called  a 
preceesiou&l  motion,  from  a  similar  motion  of  tlie  earth  which  pro- 
duces the  flstroDomical  phenomenon  called  the  preoeasion  of  the 
equinoxes.  The  taming  action,  or  couple,  as  I  shall  now  call  it,  may 
be  said  to  cause  the  flywheel  to  "preceea"  toward  the  couple  axis. 
TluB  Fetation  of  directions  is  very  important,  and  should  be  kept 
always  in  mlud. 

If  this  taming  response  of  the  body,  about  an  axis  which  -we  shall 
call  3,  is  prevented  when  taming  about  an  axis  2,  at  ri^t  an^ee  to 
3,  is  changing  the  direction  of  the  axis  of  a  rotor — an  axis  1 ,  say,  at 
ri^t  aji^es  to  2  and  3 — a  preventing  couple,  usually  called  gyro- 
static,  about  the  axis  3,  must  be  applied  by  the  bearing  to  the  axle 
of  the  rotor,  and  therefore  an  equal  and  opposite  couple  by  the  axle 
to  the  bearings.  This  couple,  it  is  easy  to  prove,  is  equal  to  the 
product  of  the  spin  momentum  and  the  angular  speed  at  which  the 
direction  of  the  axis  of  the  rotor  is  being  changed.  Thns  the  greater 
the  moment  of  inertia  of  the  rotor,  or  its  angular  speed,  or  the  angular 
speed  of  the  diange  of  ilirection  of  the  axis,  the  greater  is  the  gyro- 
static  couple. 

For  example,  the  rotor  of  a  dynamo,  mounted  on  one  of  the  decks 
with  its  rotor  axis  athvartship,  apphes,  when  the  ship  rolls,  a  couple 
to  the  bearings,  the  plane  of  which  is  parallel  to  the  deck,  and  which 
consists  of  a  forwud  force  on  one  bearing  and  a  stemward  force  on 
the  other.  Theee  forces  are  reversed  with  reversal  of  the  direction 
of  rolling,  so  that  an  alternating  force  is  applied  to  each  bearing> 
tending  to  shear  it  off  the  deck.  Thus  if  the  bearings  are  at  aU 
loose,  the  axle  will  knock  alternately  on  the  front  and  back  of  each 
bearing. 

Siniilarly  the  axle  of  the  rotor  of  a  fore-and-aft  turbine,  when  the 
ship  pitches,  apphes  a  force  to  port  to  the  bearing  at  one  end,  and  a 
force  to  starboard  at  the  other  end,  which  forces  are  reversed  when 
the  direction  of  the  pitching  motion  is  reversed.  When  the  course 
is  being  changed  the  forces  of  the  gyrostatic  couple  are  applied  to 
the  top  of  one  bearing  and  the  bottom  of  the  other. 

Now,  returning  to  the  pillar  gyrostat,  and  putting  the  flywheel 
in  rapid  rotation,  I  turn  the  pillar  round  on  the  table.  I  have 
turned,  as  you  see,  the  base  round  through  one  revolution,  and 
throughout  the  turning  motion  the  axle  of  the  flywheel  has  remained 
pointing  in  the  same  direction.  The  friction  at  the  axle  about 
i^iich  I  have  turned  the  pillar,  which,  you  will  remember,  was  suffi-  ^  i 
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the  right  throws  the  we^ht  more  on  the  froDt  wheeb.  The  forces 
apphed  by  the  ground  to  the  front  wheels  are  dunlnished  m  the 
former  case  and  increased  in  the  latter.  There  ib  danger,  therefore, 
of  the  steering  power  of  the  car  being  interfered  with,  if  the  comw 
is  taken  at  too  great  a  speed. 

As  a  final  example,  ve  take  an  aeroplane.  Here  the  rotor  of  the 
engine  and  the  propeller  t<^ether  form  a  compound  gyrostat  of  con- 
siderable power.  As  the  bearings  are  fore  and  aft,  the  action  is  am- 
lar  to  that  of  flie  flywheel  of  the  motor  car.  Turning  horizontally 
in  one  direction  givee  rise  to  the  gyrostatic  couple  tending  to  make 
the  aeroplane  dive,  turning  the  opposite  way  sets  up  a  couple  which 
makes  the  aeroplane  rear  up  in  front.  If  the  aeroplane  is  kept  hori- 
sontal,  such  couples  have  to  he  balanced  by  stresses  in  the  framewortL 
These  considerations  show  that  sudden  turning  of  aeroplanes  should, 
if  possible,  be  avoided.  Maneuvers  calling  for  such  turning  are 
accompanied  by  very  con^erahle  danger.  No  doubt  aviators  are 
aware  of  the  existence  of  gyrostatic  action,  but  there  is  coofflderable 
haziness  in  people's  nunds  as  to  its  direction  in  the  various  posable 
cases.  The  peculiar  properties  of  rotating  bodies  need  not,  of  course, 
be  understood  theoretically  by  aviators,  though  it  is  well  to  know 
something  about  them.  But  the  aviator,  like  a  person  walking  or 
swimming,  must  know  insUnctively  what  to  do  in  an  emaigency,  and 
what  motions  must  be  avoided.  The  gyrostatic  action  he  has  to  con- 
tend with  hes  hid,  as  it  were,  until  he  tries  some  new  and  violent 
maneuver;  and  then  it  brings  him  lo  grief. 

I  now  pass  on  to  some  special  experiments  which  can  be  carried  out 
with  these  motor  gyrostats.  First,  take  one  or  two  old  experiments,' 
which  are  more  effectively  performed  with  these  f ast-runnini;  insttur 
ments.  Here  is  a  skate  attachment  (fig.  4)  on  which  I  place  the 
gyrostat  after  its  speed  has  been  adjusted  to  the  moderate  value  <rf 
about  6,000  revolutions  per  minute.  The  plane  of  the  flywheel  is 
incHned  to  the  vertical,  and  you  see  that  the  top  does  not  fall  down, 
but  precessos  round  on  the  table.  I  increase  the  inclination  and  the 
precession  becomes  more  rapid.  Now  I  attempt  to  hurry  the  preces- 
sion and  the  gyrostat  stands  up  erect;  I  try  to  resist  the  precession 
and  the  gyrostat  falls  over. 

I  mount  the  gyrostat  with  its  wheel  horizontal  over  a  flexible  sup- 
port, in  the  present  case  a  universal  joint  (fig.  5).  Without  rot«ti<u) 
the  instrument  would  fall  over  at  once;  but  you  see  that  it  stands 
stahly  erect  when  the  flywheel  is  spinning,  and  has  a  preoessional 
motion  when  disturbed  from  the  upright  position. 

Again,  here  is  a  two-stilt  support.  (Fig.  6.)  One  of  the  stilts  is 
held  by  a  long  socket,  at  one  side  of  the  case,  and  may  be  regarded 
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which,  when  put  in  the  proper  way,  is  really  very  simple.  Excessive 
rolliog  of  a  ship  is  due  to  the  cumulative  action  of  the  wares,  and 
such  cumulative  action  is  only  possible  where  the  period  of  the  ship 
and  that  of  the  waves  are  of  about  the  same  order.  A  large  ship  has  ' 
a  very  long  period,  and  synchronism  of  the  ship  and  the  waves  is 
impossible.  The  effect  of  introducing  a  gyrostatic  control,  operated 
in  the  manner  just  described,  is  to  endow  the  small  ship  with  the 
period  of  a  very  large  one, 

In  the  second  mode  of  operating  the  gyrostat,  friction  is  intro- 
duced at  the  bearings  on  which  the  frame  of  the  gyrostat  is  mounted. 
With  this  addition  the  ship  is  forcibly  prevented  from  exoessive 
rolling.  In  the  trials  of  the  device  it  was  found  that,  with  the  con- 
trol in  operation,  the  angle  of  roll  of  the  ship  did  not  exceed  f  in  a 
cross  sea  wliich  produced  a  total  swing  of  35°  when  the  control  was 
out  of  action.  It  is  interesting  to  notice  that,  contrary  to  the  opin- 
ions which  were  expressed  when  the  device  wbs  first  suggested,  the 
preventing  of  the  rolling  of  a.Blup  does  not  result  in  the  waves  break- 
ing over  her ;  a  ship  controlled  by  a  gyrostat  is,  I  beUeve,  a  dry  one. 

I  have  here  a  motor-^^yrostat  fitted  within  a  skeleton  frame  repre- 
senting a  ship.  (Fig.  12.)  The  frame  is  mounted  on  two  beanngs 
arranged  on  wooden  uprights,  and  may  be  made  to  oscillate  on 
these  bearings,  so  as  to  imitate  the  roUing  of  a  ship  in  a  cross  sea. 
The  frame  of  the  gyrostat  is  mounted  on  two  bearings  placed  athwart  . 
the  frame,  and  a  weight  is  attached  to  the  outside  of  the  case  in  a 
poution  in  line  with  the  axis  of  the  flywheel.  The  center  of  gravity 
of  the  gyrostat  is  in  line  with  the  bearings.  A  clip  device  is  provided 
which  allows  the  gyrostat  to  be  clamped  to  the  skeleton  frame,  and 
provision  is  made  whereby  a  graded  amount  of  friction  may  be 
applied  at  one  of  the  bearings. 

I  now  set  the  skeleton  frame  vibrating  with  the  flywheel  at  rest. 
ToQ  observe  the  period.  I  start  the  motor  gyrostat,  and  repeat  the 
vibrations,  with  the  gyrostat  cUpped  to  the  frame.  The  ship  rolls 
precisely  as  before.  I  free  the  gyrostat  from  the  frame,  and  again 
set  the  ship  rolling,  when  you  see  that  not  only  is  the  period  vastly 
increased,  but  the  rolling  motion  is  quickly  wiped  out. 

When  the  gyrostat  is  clipped  to  the  frame  it  produces  no  effect 
upon  the  roUii^  motion,  llie  couples  opposing  the  rolling  motion 
arise  from  the  precessional  motion,  and  hence  the  gyrostat  must  be 
given  freedom  to  precess.  In  this  connection  it  is  interestiug  to 
observe  that  in  1870  it  was  proposed  by  Sir  Henry  Bessemer  to 
obtain  a  steady  cabin  for  a  cross-channel  steamer  by  placing  it  on  a 
gyrostat  with  its  axis  vertical  and  supported  on  fore  and  aft  trunnions. 
Tliis  plan  was  bound  to  fail.  The  dependence  of  the  effect  on  freedom 
of  the  axis  to  precess,  in  a  direction  which  is  not  that  of  rolling,  was 
not  understood.     We  now  see   that  the  object  would  have  been 
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attained  by  supporting  the  cabin  on  fore  and  aft  trunnions  aod 
mountii^  ^e  gyrostat,  within  the  cabin,  on  trunnions  placed  adiwart 
tbo  ship. 

Here  is  a  monorail  top  of  new  design  (figs.  13-14.)  The  frame 
on  stilts  represents  the  car,  and  mounted  on  pivots  placed  acroes  the 
frame  is  a  gyrostat.  Carried  by  a  rod  fixed  to  tiie  frame  of  the  gyro- 
stat, and  in  line  with  the  axis  of  the  flywheel  is  a  weight.  When 
the  frame  is  placed  on  the  table  so  that  the  legs  and  axis  of  the  gyro- 
stat are  vertical,  with  the  weight  above  the  flywheel,  the  arrange- 
ment  is  doubly  unstable  without  rotation;  the  system  of  gyrostat 
and  weight  is  usually  mounted  on  the  pivots,  and  the  Mitire  structure 
is  unstable  about  the  line  of  contact  of  the  feet  with  the  table.  When 
the  flywheel  is  rotating,  however,  the  top  balances  on  the  table. 
The  two  nonrotational  instabiUties  have  been  stabilized. 

I  now  place  the  top  on  the  table  with  the  logs  and  axis  of  the  fly- 
^eel  vertical,  but  with  the  weight  below  the  gyrostat.  The  arrange- 
ment is  unstable.  Here  there  is  only  one  instability  without  rotsr 
tion,  and  the  result  is  instability  with  or  without  rotation. 

Here  is  a  stilt-top  similar  to  the  one  just  shown,  but  provided  with 
wheels  adapted  to  engage  on  a  stretched  wire.  You  observe  the 
remarkable  balancing  power  of  the  arrangement. 

In  this  top  (fig.  IS)  a  gyrostat  is  pivoted  within  a  structure  which 
represents  a  tight-rope  balancer.  The  structure  terminates  in  wheels 
ad^ited  to  engage  on  the  wire.  Attached  to  the  gyrostat  are  two 
urns,  and  carried  by  these  is  a  l^ht  rod  weighted  at  both  ends. 
My  assistant  spins  the  flywheel  and  places  the  structure  upon  the 
wire  with  the  tegs  vertical  and  the  pole  horizontal.  The  top,  as  you 
observe,  balances  on  the  wire.  If  the  top  tilte  over  on  the  wire 
toward  me,  the  gyrostat  processes  in  the  direction  \^ch  carries  the 
pole  over  toward  you,  and  vice  versa.  That  is,  if  the  balancer 
b^ina  to  fall  over  to  one  side  it  immediately  puts  over  the  pole  to 
the  other  side.    The  action  is  exactly  that  of  a  tight-rope  acrobat. 

The  rider  of  a  bicycle  keeps  the  machine  upright  by  operating 
the  handle  bar.  If  the  machine  tilts  over  to  the  left  the  rider  turns 
the  handle  bar  to  the  left,  and  the  forward  momentum  of  the  bicycle 
and  rider,  aided  by  the  gyrostatic  action  of  the  wheels  (a  relatively 
small  factor  in  this  case)  results  in  the  CTection  of  tJie  machine. 
Similarly,  if  the  machine  tilts  to  the  right  the  front  handle  bar  of  the 
machine  is  turned  to  the  right. 

Here  I  have  a  small  bicycle  of  the  old-fashioned  "high"  type, 
provided  widi  a  gyrostatic  rider.  When  the  gyrostat  is  spinning 
rapidly  you  observe  that  the  top  is  completely  stable.  The  gyrostat 
(^>erates  the  front  wheel,  just  as  does  the  rider  on  the  ordinary 
tricycle. 
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Again,  here  is  a  small  safety  bicycle  provided  with  a  gyrostatic 
rider.  (Fig.  16.)  In  this  case  the  gyrostat  is  mounted  above  the 
back  wheel,  and  is  connected  by  arms  to  the  handle  bar  of  the  front 
wheel.     The  action  is  the  same  as  in  the  other  model* 

The  topfl  I  have  shown  you  are  very  interesting  from  the  fact 
that  in  each  case  the  gyrostat  not  only  detects  but  sets  about  correct- 
ing  any  tendency  of  the  top  to  fall  over.  They  behave  as  if  they 
possessed  both  a  nervous  and  a  muscular  system. 

I  have  also  here  a  gyrostat  which  can  be  made  to  progress  in 
space  by  a  reciprocating  motion — in  fact,  a  walking  gyrostat.  (Fig. 
17.)  The  gyrostat  is  suspended  by  two  chains  from  two  horizontally 
stretched  wires.  The  wires  are  carried  by  a  wooden  frame,  which  is 
motmted,  as  you  see,  on  two  trunnions  carried  by  wooden  uprights. 
The  chains  attached  to  the  arms  of  the  gyrostat  tcnninate  in  two 
rings,  and  these  are  threaded  on  the  stretched  wires. 

The  gyrostat  is  spun  and  replaced  on  the  wires.  When  the  frame 
is  tilted  to  and  fro  on  the  trunnions,  the  gyrostat  walks  "  hand-over- 
hand "  along  the  wires.  By"  the  tilting  of  the  frame  the  weight  of  the 
gyrostat  is  thrown  alternately  on  each  of  the  chains,  and  in  conse- 
quence of  the  precessional  motion  the  gyrostat  moves  along,  canyii^ 
the  chains  with  it. 

At  present  the  spin  is  great,  and  therefore  the  precessional  motion 
is  small.  The  gyrostat  proceeds  with  a  slow  and  stately  motion. 
As  time  goes  on  the  spin  falls  off,  an<l  the  rate  of  walking  increases, 
until  finally  the  gyrostat  htcrally  runs  along  the  wires,  with  con- 
siderable loss  of  dignity.  When  the  gyrostat  is  inclosed  in  a  box, 
or  within  an  acrobatic  figure,  the  behavior  seems  very  mysterious. 

Sfire  is  still  another  form  of  acrobatic  top,  consisting  of  a  large 
gyrostat,  the  axis  of  which  is  horizontal,  and  two  small  ones,  with 
aixes  vertical,  mounted,  one  on  each  side  of  the  largo  one,  on  sleeves 
threaded  on  a  horizontal  bar,  as  shown  in  figure  IS.  My  assistant 
spins  the  flywheel  of  the  laige  gyrostat,  which  is  then  suspended  by 
means  of  a  string  and  hook  from  the  upper  bar  of  the  frame.  At 
present  the  center  of  gravity  of  the  gyrostat  is  vertically  below  the 
hook,  and  imder  these  conditions  there  is  no  precrasionnl  motion. 
He  now  spins  the  two  small  gyrostats  and  attaches  them  to  the  laige 
one.  Each  small  gyrostat  is  carried  by  two  sleeves  which  arc  threaded 
on  a  horizontal  bar.  The  hook  is  now  transferred  to  one  of  the  side 
recesses  provided  in  the  upper  bar  of  the  laige  gyrostat,  and  the  sys- 
tem is  left  to  itself,  when  it  turns  round  in  azimuth.  One  of  the  small 
gyrostats  throws  itself  up  and  balances  on  the  bar.  The  experiment 
is  repeated  with  the  hook  enga^ng  in  the  other  side  recess,  when  you 
observe  that  the  small  gyrostat  which  previously  occupied  the  lower 
position  now  rises  into  the  upright  one,  and  Iho  gyrostat  which 
occupied  the  upright  position  now  occupies  the  lower  one. 

Google 
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This  top  admits  of  a  large  variety  of  deeigns.  It  ia  easy  to  imagine 
a  gyrostatic  circus  rider  performiog  balancing  feats  on  the  back  of  a 
gyros  tatic  horse! 

I  conclude  with  a  gyrostatic  model  (fig.  19)  which  depends  for  ita 
action  upon  an  entirely  novel  and  practical  method  of  operating  a 
gyrostat  or  gyrostats.  The  method  has  a  very  laige  variety  of  appH" 
cations,  into  which  I  shall  not  enter  at  present.  It  is  here  shown 
apphed  to  a  motor  car.  The  car  runs  on  two  wheels  in  tandem; 
it  can  be  set  to  run  either  in  a  straight  path  or  a  path  curved  in  either 
direction.  The  arrangement  includes  two  parts  connected  by  a  ver- 
tical or  nearly  vertical  hinge.  Each  is  supported  on  a  single  wheel. 
The  front  part  carries  a  gyrostat  with  axis  horizontal  (in  this  case), 
the  aft«rpart  contains  the  propeUing  mechanism.  A  quasi-gravita- 
tional field  of  force  is  produced  by  the  propeller  behind  acting  through 
the  binge,  and  the  consbuction  is  such  that  there  is  true  stabiUty, 
not  the  quasi  stability,  accompanied  by  oontinually  increasing 
gyrostatic  oscillation,  which  obtahis  in  many  other  cases. 
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30  per  cent  and  50  per  cent  back  of  the  front  edge  of  the  surface.  The 
location  of  the  center  of  presBure  on  any  given  surface  is  definitely 
fixed  by  the  angle  of  incidence  at  which  the  surface  is  exposed  to 
the  air. 

The  placing  of  the  center  of  gravity  of  the  machine  below  its  cen- 
ter of  support  appears,  at  first  glance,  to  be  a  solution  of  the  problem 
of  equilibrium.  This  is  the  method  used  in  maintaining  equilibrium 
in  BQarine  vessels  and  in  balloons  and  airships,  but  in  Hying  machines 
it  has  the  opposite  of  the  desired  effect.  If  a  flying  machine  cod- 
sisting  of  a  supporting  surface,  without  elevator  or  other  means  of 
balancing,  were  descending  vertically  as  a  parachute,  the  center  of 
gravity  vertically  beneath  the  center  of  support  would  maintain  its 
equilibrium.  But  as  soon  as  the  machine  begins  to  move  forward 
the  center  of  pressure,  instead  of  remaining  at  the  center  of  the  sur- 
faces, as  was  the  case  when  descending  vertically,  moves  toward  that 
edge  of  the  surface  which  is  in  advance.  The  center  of  gravity  being 
located  at  the  center  of  the  surface  and  the  center  of  pressure  in  ad- 
Vance  of  the  center  of  the  surface,  a  turning  moment  is  created  which 
tends  to  hft  the  front  of  the  machine,  thus  exposing  the  surfaces  at 
a  larger  angle  of  incidence  and  at  the  same  time  to  a  greater  resists 
ance  to  forward  movement.  The  momentum  of  the  machine,  acting 
through  its  center  of  gravity  below  the  center  of  forward  resistance, 
combines  with  the  forward  center  of  pressure  in  causing  the  surface  to 
be  rotated  about  its  lateral  axis.  The  machine  will  take  an  upward 
course  until  it  finally  comes  to  a  standstill.  The  rear  edge  of  the 
surface  will  now  be  below  that  of  the  front  edge  and  the  machine 
will  begin  to  slide  backward.  The  center  of  pressure  immediately 
reverses  and  travels  toward  the  rear  edge  of  the  surface,  which  now 
in  the  backward  movement  has  become  the  front  edge.  The  center 
of  gravity  again  being  back  of  the  center  of  pressure,  the  advancing 
edge  of  the  surface  will  be  hfted  as  before,  and  the  pendulum  effect 
of  the  low  weight  will  be  repeated.  A  flying  machine  with  a  low  cen- 
ter of  gravity,  without  rudders  or  other  means  to  maintain  its  equi- 
librium, will  oscillate  back  and  forth  in  this  manner  untU  it  finally 
falls  to  the  ground. 

It  will  have  been  observed  from  the  foregoing  that  the  equilibiium 
in  the  horizontal  plane  was  disturbed  by  two  turning  moments  acting 
about  the  lateral  horizontal  axis  of  the  machine;  one  produced  by  the 
force  of  gravity  and  the  lift  of  the  surface  acting  in  different  vertical 
lines,  and  the  other  by  the  center  of  momentum  and  the  center  of 
resistance  acting  in  different  horizontal  lines. 

It  is  evident  that  a  low  center  of  gravity  is  a  disturbing  instead  of  a 
correctii^  agent.  The  ideal  form  of  fiying  machine  would  be  one  in 
which  the  center  of  gravity  hes  in  the  line  of  the  center  of  resistance 
to  forward  movement  and  in  the  line  of  thrust.    In  practice  this  is  not 
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producing  more  or  less  inherently  stable  aeroplanes.  An  inherently 
stable  aeroplane  may  be  deecribed  aa  one  in  which  equihbrium  is 
maintained  by  an  arrangement  of  surfaces,  so  that  when  a  current 
ot  air  strikes  one  part  of  the  machine,  creating  a  pressure  that  would 
tend  to  disturb  the  equilibrium,  the  same  current  striking  another 
part  creates  a  balancing  pressure  in  the  opposite  direction.  This 
compeDsating  or  correcting  pressure  is  secured  without  the  mechanical 
movement  of  any  part  of  the  machine. 

l%e  first  to  propose  the  use  of  this  system  for  the  fore-and-aft 
control  of  aeroplanes  was  Penaud,  a  young  French  student,  who 
did  much  experimenting  with  model  aeroplanes  in  the  seventies  of 
the  last  century.  His  system  is  used  only  to  a  slight  extent  in  the 
molor-driTfln  aeroplanes  of  to-day,  on  account  of  its  wastefulness 
of  power  and  on  account  of  its  restriction  of  the  roaneuvering  quali- 
Ues  of  the  machine. 

Peoaud's  system  consists  of  a  main  bearing  surface  and  a  hori- 
lODtat  auxiliary  surface  in  the  rear  fixed  at  a  negative  angle  in 
idatioD  to  the  main  surface.  The  center  of  gravity  is  placed  in 
front  of  the  center  of  the  main  surface.  This  produces  a  tendency 
to  incline  the  ntachine  downward  in  front,  and  to  cause  it  to  descend. 
In  descendii^  the  aeroplane  gains  speed.  The  fixed  surface  in  the 
rear,  set  at  a  n^ative  angle,  receives  an  increased  pressure  on  its 
upper  side  as  the  speed  increases.  This  downward  pressure  causes 
the  rear  of  the  machine  to  be  depressed  till  the  machine  takes  an 
upward  course.  The  speed  is  lost  in  the  upward  course,  the  down- 
ward pressure  on  the  tail  is  relieved,  and  the  forward  center  of 
gravity  turns  the  course  again  downward.  While  the  inherently 
stable  sjrstem  will  control  a  machine  to  some  extent,  it  depends 
BO  much  on  variation  in  course  and  speed  as  to  render  it  inadequate 
to  meet  fully  the  demands  of  a  practical  flying  machine. 

la  order  to  secure  greater  dynamic  efficiency  and  greater  maneu- 
veiing  ability,  auxiliary  surfaces  mechanically  operable  are  used  in 
present  flying  machines  instead  of  the  practically  fixed  surfaces  of 
the  inherently  stable  type.  These  machines  possess  the  means  of 
quickly  recovering  balance  without  changing  the  direction  of  travel 
and  of  maneuvering  with  greater  dexterity  when  required.  On  the 
other  hand,  they  depend  to  a  greater  extent  upon  the  skUI  of  the 
operator  in  keeping  the  equdibrium.  It  may  be  taken  as  a  rule 
that  the  greater  the  dynamic  efficiency  of  the  machine  and  the 
greater  its  possibilities  in  maneuvering,  the  greater  the  knowledge 
and  skin  required  of  the  operator. 

If  the  operator  of  a  flying  machine  were  able  to  "feel"  exactly' 
tiu  angle  at  which  his  aeroplane  meets  the  air,  90  per  cent  at  least 
of  uLLafiroplane  accidents  would  be  eliminated.     It  has  been  the  / 
lack  of  this  ability  that  has  resulted  in  so  large  a  toll  of  human  hves.     ■  ^ 
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Instruments  have  been  produced  which  indicate  closely  the  angle  of 
incidence  at  which  the  machine  is  flying,  but  they  are  not  io  genenl 
use.  Nor  does  the  average  flier  realize  how  exceedingly  dangeroua 
it  is  to  be  ^orant  of  this  angle.  Most  of  the  fliers  are  aware  that 
"stalling"  is  dangerous,  but  do  not  know  when  they  really  are 
"stalling," 

A  flying  machine  is  in  great  dai^er  when  it  is  flying  at  it«  an^^ 
of  maximum  lift.  A  change  either  to  a  smatler  or  a  larger  angle 
results  in  a  lesser  lift.  There  is  this  important  diffeeapce.  however, 
whether  the  angle  be  increased  or  decreased.  Wldle^  smaller  an^ 
gives  less  liftj  it  also  has  less  diift  resistance,  so  that  the  machine  is 
pennitted  to  gain  speed.  On  the  other  hand,  the  larger  angle  gives 
not  only  less  lift  but  encounters  a  greater  resistance,  which  causes 
the  speed  of  the  machine  to  be  rapidly  checked,  so  that  there  is  a 
double  loss  of  lift — that  due  to  angle  and  that  due  to  a  lesser  speed. 

The  maximum  lift  is. obtained  in  most  flying  machines  at  some 
angle  between  15°  and  20°.  If  the  machine  be  ghding  from  ahei^t 
with  the  power  of  the  motor  throttled  or  entirely  turned  off,  and 
the  operator  attempts  to  turn  it  to  a  level  course,  the  speed  of  the 
machine  will  soon  be  reduced  to  the  lowest  at  which  it  can  support 
its  load.  If  now  this  level  course  be  held  for  even  only  a  second 
or  two,  the  speed  and  the  lift  will  be  so  diminished  that  the  maohine 
will  b^tn  to  fall  rapidly. 

The  center  of  pressure  on  a  cambered  aeroplane  surface  at  angls 
greater  than  12°  to  15°  travels  backward  with  increase  of  angle  ot 
incidence,  so  that  when  a  machine  approaches  the  "stalled"  ai^jles 
the  main  bearing  surfaces  are  generally  carrying  practically  all  of 
the  weight  and  the  elevator  practically  none  at  aU.  Under  these 
conditions  the  main  surfaces  fall  more  rapidly  than  does  the  rear 
elevator.  The  machine  noses  downward  and  plunges  at  an  exceed- 
ingly steep  angle  toward  the  earth.  This  plunge  would  tend  to 
bring  the  machine  back  to  normal  speed  quickly  were  the  machine 
flying  at  its  usual  angle  of  incidence.  But  at  the  laige  angles  of 
incidence  the  drift  is  a  large  part  of  the  total  pressure  on  the  sur 
faces,  so  that,  although  plunging  steeply  downward,  speed  is  recov- 
ered but  slowly.  The  more  the  operator  tries  to  check  the  downward 
plunge  by  turning  the  elevator,  the  greater  becomes  the  angle  at 
incidence,  and  the  greater  the  forward  resistance.  At  ordinary 
stalled  angles  the  machine  must  descend  at  an  angle  of  about  25° 
with  reference  to  the  horizontal  in  order  to  maintain  its  speed.  If 
the  speed  be  already  below  that  necessary  for  support,  a  steeper 
angle  of  descent  will  be  required,  and  considerable  time  may  be  con- 
sumed before  supporting  speed  can  be  recovered.  During  all  this 
time  the  machine  is  plunging  downward.     If  the  plunge  begins  at  a 
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lift  and  cause  the  machine  to  rise.  The  machine  will  now  be  turned 
upward,  with  the  surfaces  meeting  the  ait  at  an  angle  of  b°.  On  the 
contrary,  if  the  power  of  the  motor  he  reduced  or  entirely  turned 
off,  the  machine  wiU  immediately  begin  to  decreasein  speed,  requiiing 
a  lai^er  angle  of  incidence  for  support.  But  as  soon  as  the  angle 
b^ins  to  increase  the  air  wiU  strike  the  regulating  vane  on  the  under^ 
ade  and  the  elevator  will  he  turned,  pointing  the  machine  downward 
till  the  component  of  gravity  in  the  direction  of  travel  becomes 
sufficient  to  m^ntain  the  normal  speed.  In  this  case  the  planes 
will  be  inclined  downward  with  reference  to  the  hoiizontal.  It  is 
evident  that  a  machine  controlled  by  regulating  the  angle  of  the 
machine  with  reference  to  the  impinging  air  is  not  hable  to  the  dangers 
of  "ataJhng"  already  described. 

Several  other  piethods  of  maintaining  fore-and-aft  equiKbrium 
automatically  have  been  proposed.  One  utilizes  the  force  of  gravity 
acting  on  a  pendulum  or  a  tube  of  mercury;  the  other,  the  gyroscopic 
force  of  a  rapidly  revolving  wheel.  In  both  of  these  systems  the  eng^e 
of  the  machine  is  regulated  with  reference  to  the  horizontal,  or 
some  other  determined  plane,  instead  of  with  the  ai^le  of  the  imping- 
ing air. 

In  the  case  just  referred  to,  in  which  the  power  of  the  motor  was 
suddenly  turned  off  while  traveHng  on  a  level  course,  with  these 
systems,  the  planes  would  be  maintuned  at  their  original  angle  with 
the  horizontal  without  any  regard  to  the  angle  of  incidence.  The 
machine  would  continue  forward  till,  through  the  loss  of  momentum, 
its  speed  would  become  so  reduced  and  its  angle  of  incidence  so  great 
that  it  would  be  exposed  to  the  dangers  of  diving. 

The  pendulum  and  mercuiy  tube  have  other  serious  faults  which 
render  them  useless  for  regulating  fore-and-aft  equilibrium.  If  the 
machine  suddenly  meet  with  a  greater  resistance  to  forward  travel, 
either  as  a  result  of  change  in  direction  or  of  meeting  a  stronger  goat 
of  wind  from  in  front,  and  its  speed  be  ever  so  slightly  checked,  the 
pendulum  will  swing  forward  and  instead  of  turning  the  machine 
downward,  so  as  to  maintain  the  normal  speed,  will  cause  the  machine 
to  be  inchned  upward  in  front  and  thus  further  increase  its  forward 
resistance. 

The  pendulum  has  proved  itself  an  exceedingly  useful  device, 
however,  in  regulating  the  lateral  stability  of  aeroplatjes.  In  this 
case  the  effects  of  momentum  and  centrifugal  force  act  on  the  pendu* 
lum  in  the  proper  direction  to  produce  desired  results. 

I  believe  the  day  is  near  at  hand  when  the  flier  will  be  almost 
entirely  relieved  of  the  work  of  maintuning  the  equilibrium  of  his 
machine,  and  that  his  attention  will  be  required  only  to  keeping  it 
on  its  proper  course  and  in  brining  it  safely  in  contact  with  the  ground 
when  landing. 


THE   FIRST    MAK^ARRYING  AEROPLANE  CAPABLE  OF 

SUSTAINED  FREE  FLIGHT— LANGLEY'S  SUCX:iESS  AS  A 
PIONEER  IN  AVIATION. 


By  A.  F.  Zauh,  Ph.  D. 


[With  8  plalea.] 


It  is  doubtful  whether  any  persoa  of  the  present  generation  will 
be  able  to  appraise  correctJy  the  contributions  thus  far  made  to  the 
development  of  the  practical  flying  machine.  The  aeroplane  as  it 
Btanda  to-day  is  the  creation  not  of  any  one  man,  but  rather  of  three 
generations  of  men.  It  was  the  iuTention  of  the  nineteenth  century; 
it  will  be  the  fruition,  if  not  the  perfection,  of  the  twentieth  century. 
During  the  long  decades  succeeding  the  time  of  Sir  George  Cayley, 
builder  of  aerial  gliders  and  sagacious  exponent  of  the  laws  of  flight, 
cootinuous  progress  has  been  made  in  every  department  of  theoreti- 
cal and  practical  aviation — progress  in  accumulating  the  data  of 
aeromechanicB,  in  discovering  the  principles  of  this  science,  in  im- 
proriag  the  instruments  of  aerotechnic  research,  in  devising  the  oi^ 
g&ns  and  perfecting  the  structural  details  of  the  present-day  dynamic 
flying  machine.  From  time  to  time  numerous  aerial  craftsmen  ha^e 
flourished  in  the  world's  eye,  oidy  to  pass  presently  into  comparative 
obscurity,  while  others  too  neglected  or  too  poorly  appreciated  iu  their 
own  day  subsequeutiy  have  risen  to  high  estimation  and  permanent 
honor  in  the  minds  of  men. 

Something  of  this  latter  fortune  Was  fated  to  the  late  Secretary  of 
the  Smithsonian  Institution,  For  a  decade  and  a  half  Dr.  Langley  bad 
toiled  unremittingly  to  build  up  the  basic  science  of  mechanical  flight, 
and  finally  to  apply  it  to  practical  use.  He  had  made  numerous  model 
aeroplanes  propelled  by  various  agencies — by  ludia  rubber,  by  steam, 
by  gasoIlDe — all  operative  and  inherenUy  stable.  Then  with  great 
confidence  he  had  constructed  for  the  War  Department  a  man  flier 
which  was  the  duplicate,  on  a  fourfold  scale,  of  his  succesdful  gaso- 
line model.  But  on  that  luckless  day  in  December,  190^1,  when  Iw 
expected  to  inaugurate  the  era  of  subst«otial  aviation,  an  untoward 
accident  to  his  launching  gear  badly  crippled  liia  cartifuUy  and  ade- 
quately deigned  machine.  The  a«ax>plaiie  was  repaired,  bub  iu>t 
again  tested  until  the  spring  of  1914 — seven  yearn  after  ljiiiigl«y's 
death.  .  , 
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Such  an  accident,  occurriag  now,  would  be  regarded  as  a  paaeii^ 
mishap;  but  at  that  time  it  seemed  to  most  people  to  demonstrate 
the  futility  of  all  aviation  experimente.  The  press  overwhelmed  the 
inventor  with  ridicule;  the  great  scientist  himself  referred  to  the  aca- 
dent  as  having  frustrated  the  best  work  of  hia  life.  Although  he  fdt 
confident  of  the  final  success  of  his  experiments,  further  financial 
support  was  not  granted  and  he  Was  forced  to  suspend  operatjcms. 
Scarcely  could  he  anticipate  that  a  decade  later,  in  a  far  away  little 
hamlet,  workmen  who  had  never  known  him  would  with  keeaest 
enthusiasm  rehabilitate  that  same  tandem  monoplane,  and  launch  it 
again  and  again  in  successful  flight,  and  that  afterwards  in  the  Na- 
tional Capital  it  should  be  assigned  the  place  of  honor  among  die 
pioneer  vehicles  of  the  air. 

When  in  March,  1914,  Mr.  Glenn  H.  Curtiss  was  invited  to  send  a 
flying  boat  to  Washington  to  participate  in  celebratii^  "Langley 
Day,"  '  he  replied,  "I  would  like  to  put  the  Laugley  aeroplaoe  itself 
in  the  air."  Learning  of  this  remark  Secretary  Walcott,  of  the 
Smithsonian  Institution,  soon  authonzed  Mr.  Curtiss  to  recanvas 
the  original  Langley  aeroplane  and  launch  it  either  under  its  own 
propulsive  power  or  with  a  more  recent  engine  and  propeller.  EaHy 
in  April,  therefore,  the  machine  was  taken  from  the  Langley  Labora- 
tory and  shipped  in  a  box  car  to  the  Curtiss  Aviation  Field,  beside 
Lake  Keuka,  Hammondsport,  N.  Y.  In  the  following  month  it  was 
ready  for  its  first  trial  since  the  unfortunate  accident  of  1903. 

,  The  main  objects  of  these  renewed  trials  were,  first,  to  show  whethor 
the  original  Langley  machine  was  capable  of  sustained  free  fliigbt 
with  a  pilot,  and,  secondly,  to  determine  more  fully  the  advant^;es  of 
the  tandem  type  of  aeroplane.  The  work  seemed  a  proper  pari  of 
the  general  program  of  experiments  planned  for  the  recently  reopened 
Langley  Aerodynamical  Laboratory.  It  was,  indeed,  for  just  such 
experimentation  that  the  aeroplane  had  been  given  to  the  Smith- 
sonian Institution  by  the  War  Department,  at  whose  expense  it  had 
been  developed  and  brought  to  completion  prior  to  1903.  After  some 
successful  flights  at  Hammondsport  the  famous  craft  could,  at  the 
discretion  of  the  Smithsonian  Institution,  either  be  preserved  for  ex- 
hibition or  used  for  further  scientific  study.  To  achieve  the  two 
main  objects  above  mentioned,  the  aen^lane  would  first  be  flown  as 
neariy  as  possible  in  its  original  condition,  then  with  such  modifica- 
tions as  might  seem  desirable  for  technical  or  other  reasons. 

Various  ways  of  launching  were  considered.  In  1903  the  Langley 
aeroplane  was  launched  from  the  top  of  a  houseboat.  A  car  supports 
ing  it  and  drawn  by  lengthy  spiral  springs  ran  swiftly  along  a  track, 
then  suddenly  dropped  away,  leaving  the  craft  afloat  in  midair  wiUi 
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with  foam.  The  whole  craft  was  dow  in  soaring  poise.  It  quickly 
approached  the  photf^rapbers,  bearing  on  its  back  the  alert  pilot, 
who  seemed  bo  be  scrutinizing  every  part  of  it  and  well  satisfied  to  let 
it  race.  Then  it  rose  majestically  and  sailed  on  even  wing  1,000  feet; 
sank  softly,  skimmed  the  water,  and  soared  another  1,000  feet; 
grazed  the  water  again,  rose  and  sailed  3,000  feet;  turned  on  the 
water  and  came  back  in  the  same  manner;  and,  as  it  passed  the  pho- 
tographeis,  soared  again  nearly  half  a  mile.  The  flights  were  re- 
peated a  few  minutra  later,  then,  owing  to  squally  weather,  were 
discontinued  for  11  days. 

On  October  1,  1914,  the  aeroplane  was  launched  at  11  a.  m.  in  an 
off-shore  breeze  strong  enough  to  raise  whitecaps.  Horering  within 
30  fe^t  of  the  water,  and  without  material  loss  of  speed,  it  made  in 
quick  succession  flights  of  the  following  duration,  as  observed  by 
four  of  us  in  a  motor  boat  and  timed  by  myself:  20  seconds,  20  sec- 
onds, 65  seconds,  20  seconds,  40  seconds,  45  seconds.  As  the  speed 
through  air  averaged  about  50  feet  per  second,  the  through  air 
lengths  of  these  flights  were,  respectively,  1,000  feet,  1,000  feet,  3,2.'>0 
feet,  1,000  feet,  2,000  feet,  2,250  feet.  As  the  aeroplane  was  now 
well  out  from  shore  among  the  heavy  billows  and  white  caps,  Mr. 
Doherty  landed  it  upon  the  water  and  turned  it  half  about  for  the 
homeward  flight.  Thereupon  the  propeller  tips  struck  the  waves 
iknd  were  broken  off,  one  casting  a  splinter  through  the  center  of  the 
left  wing.  The  pilot  stopped  the  ei^ne,  rested  in  his  seat,  and  was 
towed  home  by  our  motor  boat.  The  flights  were  witnessed  and 
have  been  attested  by  many  competent  observers. 

As  to  the  performance  of  the  aeroplane  during  these  trials,  the 
pilot,  Mr.  E.  Doherty,  reports,  and  we  observed,  that  the  inherent 
lateral  stability  was  excellwit,  the  fore-and-aft  control  was  satisfao 
toiy,  and  the  movement  of  the  chaft  both  on  the  water  and  in  the  air 
was  sl«ady  and  suitable  for  practical  flying  in  such  weather.  Ap- 
parmtly  the  machine  could  have  flown  much  higher,  and  thus  avoided 
touehii^  the  water  during  the  lulls  in  the  breeze;  but  higher  flying 
did  not  seem  advisable  with  the  frul  trussing  of  wings  designed  to 
carry  830  pounds  instead  of  the  1,520  pounds  actual  wei^t. 

At  the  present  writing  the  Langley  aeroplane  is  in  perfect  condition 
and  ready  for  any  further  tests  that  may  be  deemed  useful.  But 
it  has  already  fulfilled  the  purpose  for  which  it  was  designed.  It 
has  demonstrated  that,  witii  its  original  structure  and  power,  it  is 
capable  of  flying  with  a  pUot  and  several  hundred  pounds  of  useful 
load.  It  is  the  first  aeroplane  in  the  history  of  the  world  of  which 
this  can  bo  truthfully  said. 

If  the  experiments  be  continued  under  more  painstaking  technical 
direction,  longer  flights  can  easily  be  accomplished.  Mr.  Manly,  who 
designed  the  Langley  engine  and  screws  and  who  directed  the  con-   i 
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struction  and  tests  of  the  large  aeroplane  up  to  December  8,  1903, 
reports  that  he  obtained  from  the  propulsion  plant  a  static  thrust 
of  450  pounds,  and  that  he  once  ran  the  engine  under  full  load  fqr  10 
hours  consecutivelj.  This  thrust  is  neariy  100  pounds  more  than 
that  commonly  obtained  at  Hammondsport  with  the  same  plant, 
and  20  pounds  more  than  the  static  thrust  obtained  with  the  Curtiss 
motor  on  the  day  whea  it  flew  the  aeroplane  with  1,520  pounds 
aggregate  weight.  Hence,  by  restoring  the  mgine  and  propellers  to 
their  oii^al  normal  working  condition  they  should  be  able  to  drive 
the  aeroplane  in  successful  flight  wiUi  an  aggr^ate  weight  of  nearly 
1,600  pounds,  even  when  hampered  with  the  floats  and  their  sustain- 
ing truss  work.  With  a  thrust  of  450  pounds,  the  Langley  aero- 
plane, without  floats,  restored  to  ite  original  condition  and  provided 
with  stronger  bearings,  should  be  able  to  carry  a  man  and  sufficient 
supplies  for  a  voyage  lasting  practically  the  whole  day. 

Dr.  Langley's  aerotechuic  work  may  be  briefly  summarized  as 
follows: 

1 .  His  aerodynamic  experiments,  some  published  and  some  as  yet 
unpublished,  were  complete  enough  to  form  a  basis  for  practical 
pioneer  aviation. 

2.  He  built  and  launched,  in  1896,  the  first  steam  model  aeroplane 
capable  of  prolonged  free  flight,  and  poeseasiug  good  inherent  sta- 
biUty. 

3.  He  built  thefirst  internal-combustion  motor  suitable  for  a  practi- 
cal man-carrying  aeroplane. 

4.  He  developed  and  successfully  launched  the  first  gasoline  model 
aeroplane  capable  of  sustained  free  flight. 

5.  Ho  developed  and  built  the  flrst  man-carrying  aeroplane  capable 
of  sustained  free  flight. 
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SOME  ASPECTS  OF  INDUSTRIAL  CHEMISTRY.* 
By  L.  H.  Babeeland,  Sc.  D. 


While  I  appreoiate  deeply  the  diatiactioD  of  speakiiig  before  you  on 
the  oocAsioD  of  the  fiftieth  aniuTeisary  of  the  Columbia  School  of 
Ifiow,  I  realize,  at  the  same  time,  that  nobody  here  praeent  could  do 
bettor  justice  to  the  subject  which  has  been  choeeu  for  this  lecture, 
than  the  beloved  master  in  whose  honor  the  Charles  Frederick 
Chudler  lectureship  has  been  created. 

Dr.  Chandler,  in  hia  long  and  eminently  useful  career  as  a  professor 
ud  as  a  public  serrant,  has  asaislfHl  at  the  very  b^inning  of  some  of 
the  meet  interesting  chapteis  of  applied  chemistry,  here  and  abroad. 

Some  of  his  pupils  have  become  leaders  in  chemical  industry; 
otims  have  found  in  his  teaching  the  very  conception  of  new  chemical 
proc«8Bee  which  made  their  names  known  throughout  the  whole  world. 

Industrial  chemistry  has  been  defined  as  "  the  chemistry  of  dollars 
and  cents." 

This  rather  cynical  definition,  in  its  narrower  interpretation,  seems 
(o  igDore  entirely  the  far-reaching  economic  and  civilizing  influences 
which  have  been  brought  to  life  through  the  appUcations  of  science; 
itfaiktodo  justice  to  the  fact  that  the  whole  fabric  of  modem  civiliza- 
tion becomes  each  day  more  and  ever  more  interwoven  with  the 
endless  ramifications  of  apphed  chemistry. 

The  earUer  effects  of  this  influence  do  not  date  back  much  beyond 
one  hundred  and  odd  years.  They  became  distinctly  evident  during 
the  fiivt  French  Republic,  increased  imder  Napoleon,  gradually  spread 
to  neighboring  coimtriee,  and  then  reaching  out  farther,  their  influence 
IB  now  obvious  throughout  the  whole  world. 

France,  during  the  revolution,  scattered  to  the  winds  old  traditions 
•ad  conventionalities,  in  culture  as  well  as  in  politics.  Until  then, 
ahe  had  matnlj  impressed  the  Vorld  by  the  barbaric,  wasteful  splendor 
of  her  opulent  kings,  at  whose  courts  the  devotees  of  science  received 
scant  attention  in  oomparison  to  the  more  ornamental  artists  and 
beUss-lettrists,  who  were  petted  and  rewarded  alongside  of  the  all- 
important  men  of  the  sword. 
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In  fact,  as  far  as  the  culture  of  science  was  concerned,  the  Nether- 
lands, Germany,  and  Italy,  and  more  particularly  England,  were 
head  and  shoulders  above  the  France  of  "le  Itoi  Soleil." 

The^truggle  of  the  new  regime  put  France  in  the  awkward  position 
of  the  legendary  beaver  which  "had  to  climb  a  tree." 

If  for  no  other  reason,  she  needed  scientists  to  help  her  in  her  wus 
against  the  rulers  of  other  European  nations.  She  needed  them  just 
as  much  for  repairing  her  crippled  finances  and  her  badly  disturbed 
industries  which  were  dependent  upon  natural  producte  imported 
until  then,  but  of  which  the  supply  had  suddenly  berai  cut  off  by  the 
so-called  continental  blockade.  Money  prizes  and  other  inducemente 
had  been  offered  for  stimulating  the  development  of  chemical  proces- 
ses, and — what  is  more  significant — patent  laws  were  promulgated 
so  as  to  foster  invention. 

Nicolas  Leblanc's  method  for  the  mmufacture  of  soda  to  replace 
the  imported  alkalis,  Berthollet's  method  for  bleaching  with  chlorine, 
the  beet-sugar  industry,  to  replace  cane  sugar  imported  from  the 
colonies,  and  several  other  processes,  were  proposed. 

All  these  chemical  processes  found  themselves  soon  lifted  from  the 
hands  of  the  secretive  alchemist  or  the  timid  pharmacist  to  the  rank 
of  real  manufacturing  methods.  Industrial  chemistry  had  b^uo 
its  lusty  career. 

First  successes  stimulated  new  endeavors,  and  small  wonder  is  it 
that  France,  with  these  favorable  conditions  at  hand,  for  a  while  M 
least,  entered  into  the  most  glorious  period  of  that  part  of  her  history 
which  relates  to  the  development  of  chemistry,  and  the  arts  dependent 
thereon. 

It  is  difficult  to  imagine  that  at  that  time  Germany,  which  now 
occupies  such  an  enviable  p<»ition  in  chemistry,  was  so  far  behind 
that  even  in  1822,  when  Liebig  wanted  to  study  chemistry  at  the  best 
schools,  he  had  to  leave  his  own  country  and  turn  to  Gay-Lussac, 
Th£nard,  and  Dulong  in  Paris. 

But  the  British  were  not  slow  to  avail  themselves  of  the  new 
opportunities  in  chemical  manufacturing  so  clearly  indicated  by  the 
firat  successes  of  the  French.  Their  linen  bleacheriee  in  Scotland 
and  Ei^land  soon  used  an  improved  method  for  bleaching  with 
chloride  of  hme,  developed  by  Tennant,  which  brought  along  the 
manufacture  of  other  chemici^  relatir^  thereto,  hke  sulphiuio  aoid 
and  Boda. 

The  chemical  reactions  involved  in  aU  these  processes  are  relatively 
simple,  and  after  they  were  once  well  underatood  it  required  mainly 
resourceful  engineering  and  good  commercial  abihties  to  build  up 
successfully  the  industries  based  thereon. 

From  tlus  epoch  on  dates  the  beginning  of  the  development  of  that 
important  industry  of  heavy  chemicals  in  which  the  British  led  the 
world  for  almost  a  century. 
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conBtitution  of  this  indigo  dye,  and  had  finally  indicated  some  possible 
meUiods  of  ejmthesis.  Notwithstanding  all  this,  it  took  the  Badische 
Aniline  &  Soda  Fabrik  about  20  years  of  patient  reeeardi  work,  eairied 
out  by  a  group  of  eminent  chemiste  and  engineers,  before  a  satis- 
factory method  was  devised  by  which  the  artificial  product  could 
compete  in  price  and  in  quality  with  natural  indigo. 

Gemumy,  with  her  well-administered  and  easily  enforcible  patent 
laws,  has  added,  through  this  very  agency,  a  moat  vital  inducement 
for  pioneer  work  in  chemical  industries.  Who  otherwise  would  due 
to  take  the  risk  of  all  the  expenses  connected  with  this  class  of 
creative  work)  Moreover,  who  would  be  induced  to  publish  th« 
result  of  hb  discoveries  far  and  wide  throughout  the  whole  world  in 
that  steadily  flowing  stream  of  patent  hterature,  which,  much  sooner 
than  any  textbooks  or  periodicah,  enables  one  worker  to  be  bene- 
fited and  to  be  inspired  by  the  publication  of  the  latest  work  o( 
others  t 

The  development  of  some  problems  of  industrial  chemistry  has 
enlisted  the  brilliant  collaboration  of  men  of  so  many  different 
nationaUties  that  the  final  success  could  not,  with  any  measure  of 
justice,  be  ascribed  exclusively  to  one  single  race  or  nation;  this  is 
best  illustrated  by  the  invention  of  the  different  methods  for  the 
fixation  of  nitrc^n  from  the  air. 

This  extraordinary  achievement,  although  scarcely  a  few  years 
old,  seems  already  an  ordinary  link  in  the  chain  of  common,  currmt 
events  of  our  busy  fife;  and  yet,  the  facte  connected  with  this  recent 
conquest  reveal  a  modem  tale  of  great  deeds  of  the  race — an  epos  of 
applied  science. 

Its  story  began  the  day  when  chemistry  taught  us  how  indis- 
pensahle  are  the  nitrogeneous  substances  for  the  growth  of  all  living 
beings. 

Generally  speaking,  the  most  expensive  foodstuffs  are  precisely 
those  whifdi  contain  most  nitrogen;  for  the  simple  reason  that  then 
is,  and  always  has  been,  at  some  time  or  another,  a  shortage  (A 
nitrogenous  foods  in  the  world.  Agriculture  furnishes  us  these 
proteid  or  nitn^en  containing  bodies,  whether  wo  eat  them  directly 
as  vegetable  products  or  indirectly  as  animals  which  have  assimilated 
the  proteids  from  plants.  It  so  happens,  however,  that  by  our  ift- 
balanced  methods  of  agriculture  we  take  nitrogen  from  the  soO 
much  faster  than  it  is  suppUod  to  the  soil  through  natural  agentues. 
We  have  tried  to  remedy  this  discrepancy  by  enriching  the  soil  with 
manure  or  other  fertihzers,  hut  this  has  been  found  totally  insnffi^ent, 
especially  with  our  methods  of  intensive  culture — our  fields  want 
more  nitrogen.  So  agriculture  has  been  looking  anxiously  around  to 
find  new  sources  of  nitrogen  fertilizer.  For  a  short  time  an  excellent 
suppbr  was  found  in  the  guano  denosits  of  Peru  *  but  this  material  was 
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ton  than  ia  the  case  with  the  more  bulky  calcium  salt,  under  which 
form  synthetic  nitrates  are  now  put  into  the  market. 

Before  leaving  tlus  subject,  let  us  examine  why  Bradley  and 
Lovejoy's  efforts  came  to  a  standstill  where  others  succeeded. 

First  of  all,  the  cost  of  power  at  Niagara  Falls  is  three  to  five  times 
higher  than  in  Norway,  and  although  at  the  time  this  was  not  strictly 
prohibitive  for  the  manufacture  of  nitric  acid,  it  was  entirely  beyond 
hope  for  the  production  of  fertilizers.  The  relatively  high  cost  oi 
power  in  oiir  country  is  the  reason  why  the  cyanamide  raterprise  had 
to  locate  on  the  Canadian  side  of  Niagara  Falls,  and  why,  up  till  now, 
outside  of  an  experimental  plant  in  the  South  (a  4,000  horsepower 
installation  in  North  Carolina,  usingthe  Pauling  process),  the  whole 
United  States  baa  not  a  ^gle  syntheUc  nitrt^en  fertilizer  works. 

The  yields  of  the  Bradley-Lovejoy  apparatus  were  rather  good. 
Th^  succeeded  in  converting  as  much  as  2)  per  cant  of  the  air,  which 
b  Bom^what  better  than  their  successors  are  able  to  accomplish. 

But  their  miits,  12  kilowatts,  were  v«ry  much  smaller  than  the 
1,000  to  3,000  kilowatts  now  used  in  Norway;  they  were  also  more 
delicate  to  handle,  all  of  which  made  installation  and  operatioa 
considerably  more  expensive. 

However,  this  was  the  natural  phase  through  which  any  pioneer 
industrial  development  has  to  go,  and  it  is  more  than  probable  that 
in  the  natural  order  of  events  these  imperfections  would  have  bossa 
eliminated. 

But  the  killing  stroke  came  when  financial  support  was  suddenly 
withdrawn. 

In  the  successful  solution  of  similar  industrial  problems  the  origi- 
nat043  in  Europe  were  not  only  backed  by  scientifically  well-advised 
bankers,  but  they  were  helped  to  the  rapid  solution  of  all  the  side 
problemis  by  a  group  of  specially  selected  science  collaborators,  as 
well  as  by  all  the  resourcefulness  of  w^-eetablished  chemical 
enterprises. 

That  such  conditions  are  possible  in  the  United  States  has  been 
demonstiated  by  the  splendid  teem  work  which  led  to  the  develop- 
ment of  the  modem  tungsten  lamp  in  the  research  laboratoriee  of  the 
General  Electric  Co.,  and  to  the  development  of  the  Tesia  polyphase 
motor  by  the  group  of  engineers  of  tho  Wostinghouse  Co. 

True,  there  are  endless  subjects  of  research  and  development  which 
can  be  brought  to  succ^iss  by  the  efforts  of  smgl©  independent  inven- 
tors, but  there  are  some  problems  of  applied  science  which  are  so  vast, 
BO  much  surrounded  with  ramifying  difficulties,  that  no  one  man,  nor 
two  men,  however  exceptional,  can  either  furnish  the  brains  or  the 
money  necessary  for  leading  to  success  within  a  reasonable  tima 
For  such  special  problems  the  rapid  cooperation  of  numerous  experts 
and  the  financial  resources  of  large  establishments  are  indispensable. 
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However,  their  sphere  of  action,  until  now,  seldom  goes  beyond 
diat  of  private  technical  enterprises  for  private  gain.  And  yet,  there 
is  not  a  chemist,  not  an  engineer,  worthy  of  the  name,  who  would  not 
prefer  efficient,  honorable  public  service,  freed  from  party  politics,  to 
ft  mere  money-making  job. 

Bnt  most  Governments  of  the  world  have  been  nm  for  so  long 
almost  exdusively  by  lawyer  politicians,  that  we  have  come  to  con- 
aider  this  as  an  unavoidable  evil,  until  sometimes  a  large  experiment 
of  government  by  engineers,  like  Uie  Panama  Canal,  opens  our  eyes 
hi  the  fact  that,  after  all,  successful  government  is — ^first  and  last — 
ft  matter  of  efficiency,  according  to  the  principles  of  applied  science. 

Was  it  not  one  of  our  very  earliest  American  chemists,  Benjamin 
Thompson,  of  Massachusetts,  later  knighted  in  Europe  as  Count 
Bmnford,  who  put  in  shape  the  rather  entangled  admrnistration  of 
Bavaria  by  introducing  scientific  methods  of  government  t 

Pasteur  was  right  idien  one  day,  exasperated  by  the  politicians 
vbo  were  running  his  beloved  France  to  ruin,  he  exclaimed: 

In  OUT  century,  science  is  the  eoul  ol  the  proapfflity  of  nations  and  the  living  aouice 
of  all  pfogKM.  Undoubtedly,  the  taring  daily  disciumonB  of  polidcB  seem  to  be  owe 
guide.  Empty  appeaianceel  What  really  leads  as  tanmd  are  a  few  scientific 
<liscovarisB  and  tbeii  application. 
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extensive  use  in  the  mighty  engines  of  destruction  such  as  the  sub- 
marine mine,  the  torpedo,  and  in  projectiles  tiirown  from  cannon  to 
great  distances  with  marrelous  accuracy,  is  resulting  in  loss  of  life 
and  destruction  of  property  on  an  unprecedented  scale. 

BLACK   POWDER. 

Black  powder  is  extensively  used  for  blasting  and  mining  purposes, 
but  has  lost  its  importance  as  a  propellaut  in  modem  firearms,  it 
though  still  retained  for  primers  and  other  special  purposes  supple- 
mental to  the  more  important  smokeless  powder. 

Black  gunpowder  has,  however,  played  a  very  important  part  in 
the  history  of  the  wars  of  the  past  three  centuries,  and  for  that 
reason  deserves  more  than  brief  mention.  It  is  ordinarily  com- 
posed of  about  75  parts  niter,  15  parts  charcoal,  and  10  parts  sul- 
phur. The  niter  furnishes  the  oxygen  to  bum  the  charcoal  and  sul- 
phur. The  charcoal  furnishes  the  carbon  and  the  sulphur  gives 
density  to  the  grain,  and  lowers  its  point  of  ignition.  The  earliest 
record  of  the  use  of  a  mixture  of  this  general  character  in  actual  war 
dates  back  to  the  fourteenth  oentury,  but  its  use  did  not  become 
common  tmtil  about  the  b^inning  of  the  sixteenth  century.  Until 
about  the  end  of  that  century  it  was  used  in  the  form  of  fine  pow- 
der; hence  the  name.  To  overcome  the  difficulty  experience  in 
loading  small  arms  from  the  muzzle  with  such  material,  it  was  given 
a  granular  form.  Little  further  marked  improvement  was  made  until 
about  1860,  when  Gen.  Thos.  Rodman,  of  the  Ordnance  Department 
of  the  United  States  Army,  advanced  the  principle  that  the  rate  of 
combustion,  and  consequently  the  pressure  developed,  could  be  con- 
trolled by  compressing  the  fine-grained  powder  previously  used  into 
larger  grains  of  greater  density.  The  size  of  grain  was  to  be  so  pro- 
portioned to  the  size  and  length  of  the  gun  that  the  powder  would  be 
completely  bumed  up  about  the  time  the  projectile  reached  the 
mtizzle. 

The  increaae  in  size  of  grain  decreased  the  initial  burning  snrface 
for  a  given  weight  of  chaige,  thereby  lowering  the  rate  at  which  the 
gas  was  given  off  during  the  early  part  of  the  movement  of  the  pro- 
jectile and.  correspondingly  lowering  the  maximum  pressure.  Ttiis 
permitted  the  use  of  a  bigger  chaise,  without  overstraining  the  gun, 
and  thu9  secured  higher  average  pressures  along  the  bore  with  re- 
sultant higher  muzzle  velocities.  This  principle  is  of  special  impor- 
tance because  it  has  found  application  in  the  manufacture  of  all  the 
later  gunpowders. 

BBOWN   POWDER  AND  SMOKELESS  POWDEE. 

A  further  reduction  in  the  velocity  of  combustion  of  powder  vas 
obtained  about  1880  by  the  substitution  of  an  underbumt  charcoal 
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a  physical  teat  is  prescribed  wherein  graim  are  tested  by  bung 
shortened  in  a  prees.  The  requirement  in  this  teat  is  that  no  crack 
shall  be  developed  in  the  outer  surface  of  the  grain  before  it  has 
shortened  s  specified  percentile.  Samples  representing  evei? 
lot  of  powder,  lots  usually  consisting  of  100,000  pounds,  are  sub- 
jected to  all  the  foregoing  tests  as  well  as  to  others  of  lees  im- 
portance. 

AOOURAOT  LIFE  OP  QUKS. 

In  order  to  maintMn  an  elongated  projectile  in  accurate  flight  it 
must  be  given  a  rapid  rotation  about  its  longitudinal  axis.  Except 
for  small  arms  projectiles  this  is  accomplished  by  means  of  a  copper 
band  secured  to  the  projectile  and  ei^aging  in  the  raised  elements 
or  rifling  in  the  gun,  this  having  the  desired  twist.  In  smaQ  arms 
the  rifling  engages  the  projectile  over  the  entire  length  of  the  body  or 
cylindrical  part.  It  is  found  that  the  large  powder  charges  and 
high  pressures  used  In  modem  cannon  rather  quickly  wear  .away  the 
rused  elements,  especially  near  the  origin,  and  that  eventually  the 
projectile  bands  ful  to  properly  engage  the  rifling  and  the  gun  loses 
its  accuracy. 

With  the  lai^est  caliber  guns  this  occurs  after  the  firing  of  fromilSO 
to  250  rounds,  depending  upon  the  weights  of  powder  chaiges  and 
the  muzzle  velocities  iised,  a  laige  charge  and  a  high  muzzle  velocity 
in  general  greatly  shortenii^  the  accuracy  life.  For  smaller  guns  the 
accuracy  lite  is  greater,  amounting  to  at  least  3,000  rounds  for  a 
3-inch  field  gun.  After  a  gun  has  lost  its  accuracy,  it  can  be  restored 
to  good  condition  at  a  moderate  cost  by  boring  it  out  and  adding  a 
new  lining  tube,  then  rerifling  the  gun.  One  of  the  great  advsntag<?s  to 
the  use  of  nitrocellulose  powder,  that  used  in  this  country,  in  compari- 
son with  the  nitroglycoriu  powder  cordite,  used  to  a  considerable  extent 
abroad,  is  the  much  less  erosive  effect  of  the  former.  The  great 
difference  is  evident  from  the  fact  that  in  changing  from  nitroglycerin 
powder  to  nitrocellulose  powder  in  the  United  States  service  smnll 
anus  some  years  ago,  the  accuracy  life  was  raised  from  about  3,000 
to  about  15,000  rounds.  Plate  3  indicates  the  condition  of  the  in- 
terior of  a  0.30-caJiber  machine-^n  barrel  after  a  rapid-fire  test  of 
3,000  rounds  in  which  nitroglycerin  powder  was  used.  The  firings 
were  made  with  unusual  rapidity  and  ivWumi  the  presence  of  &e 
iMuoZ  vxiter  jacket  surrouTiding  ihe  harrd,  the  test  being  one  of  a 
aeries  in  an  effort  to  find  a  steel  more  resistant  to  erosion  than  the 
varieties  now  in  use.  The  water-filled  jacket  commonly  used  in 
serrice  firings  tends  to  keep  down  the  temperature  of  the  barrel  and 
thus  reduces  the  e 
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A.  Shell  recovered  from  Mnd  butt  •Her  nrtnjt  tlirongh  n  ale 

B.  FngiaeaM  reaolUng  Irom  btgh-eiplwlve  buiatlng  cliarse. 
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or  to  be  exploded  electrically  from  a  distance.  A  torpedo  diSen 
from  a  submarine  mine  chiefly  in  that  it  ia  provided  with  a  TeUde 
for  its  transportation  to  a  distance. 

The  first  recorded  experiments  witii  submarine  mines  were  made 
by  David  Busbndl,  of  Connecticut,  in  1775.  His  mines  contuned 
charges  of  black  powder  and  explosion  was  effected  by  means  of 
clockwork  which,  after  being  set  in  motion,  allowed  sufficient  time 
for  the  operatqr  to  get  away  before  the  explosion.  Bushnell  also 
constructed  a  submarine  boat  for  the  purpose  of  conveying  his  mines 
to  hostile  vessels.  With  such  a  boat  an  attempt  waa  actually  made 
in  1776  to  sink  the  British  man-of-war  Eagle  in  New  York  harbor. 
An  important  step  in  the  development  of  submarine  mines  was  made 


in  1842  by  Samuel  Colt  in  applying  electricity  to  the  firing  of  such 
mines.  Mines  and  torpedoes  were  first  successfully  used  during  our 
Civil  War.  Although  of  rather  crude  oonstruction,  they  succeeded 
in  sinking  or  seriously  damaging  more  than  30  ships.  Their  success 
turned  the  attention  of  the  world  to  this  method  of  naval  attack  and 
defense,  with  the  result  that  there  have  foUowed  great  improvements 
in  apphances  and  methods. 

The  sketch  (fig.  7)  shows  a  submarine  mine  •of  the  type  planted 
in  waterways  with  a  view  to  closing  the  entrance  to  harbors.  Such 
a  mine  is  usually  controUed  electric^y  from  shore,  but  may  be  set 
to  operate  upon  being  struck  by  a  passing  ship.  The  steel  case  tB 
either  spherical  or  cylindrical,  depending  upon  the  quantity  of 
explosive  carried.  The  amount  usually  carried  is  from  100  to  500 
pounds,  although  there  is  no  special  reason  why  even  greater  quan- 
tities may  not  be  carried. 
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must  certify  on  his  shipping  order  that  the  exploeive  offered  by  him 
is  in  a  proper  condition  for  safe  transportation  and  that  it  is  packed 
and  marked  as  required  by  the  reflations.  The  r^;ulations  require 
that  the  car  used  for  shipment  of  certain  classes  of  explosives  be 
placarded  to  clearly  indicate  the  character  of  the  contents  so  as  to 
insure  greater  care  in  Bwitcliing  and  the  avoidance  of  placii^  such  a 
car  in  a  dangerous  position  in  a  train. 

EXPLOSIVES   IN    BAGGAQB. 

In  order  to  prevent  the  carrying  of  explosives  in  peisonal  baggage 
or  on  passenger  cats,  the  law  makes  this  a  criminal  act,  and  subjects 
the  guilty  person,  when  detected,  to  arrest  and  prosecution.  There 
is  prescribed  a  maximum  penalty  of  imprisonm^t  for  10  years  for 
anyone  convicted  of  this  crime  when  death  or  bodily  injury  results 
from  the  illegal  transportation  of  explosives.  When  no  injury  re- 
sults, the  maximum  penalty  is  18  months'  imprisonment  and  a  fine 
of  12,000. 
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TBst  mass  more  than  half  (50,286  feet)  is  either  pure  limestone, 
nagnesian  limestone,  or  dolomite,  and  single  beds  aje  known  with 
8  thickncffl  of  1,500  feet.  Certainly  so  much  limestone  represents 
not  only  a  vast  duration  of  time  but  also  varm  waters  teeming  with 
life,  almost  nothing  of  which  is  as  yet  known.  There  is  further  eri- 
dence  of  life  in  the  widely  distributed  graphites,  carbon  derived  from 
plaats  and  animals,  which  make  up  from  3  to  10  per  cent  by  weight 
of  the  rocks  of  the  Adirondack.  (Bastin,  19]0.)  The  graphite 
Occurs  in  beds  up  to  13  feet  thick,  and  at  Olonetz,  Finland,  there  is  an 
uthracite  bed  7  feet  thick. 

It  is  also  becoming  plain  that  there  was  in  the  Proterozoic  a  Tery 
great  amount  of  fresh-water  and  subaerial  deposits,  the  so-called 
continental  deposits,  some  of  which  indicate  arid  climates.  Because 
of  the  apparent  dominance  of  continental  deposits  and  the  great 
scarcity  of  organic  remains  throughout  the  Proterozoic,  Walcott  has 
called  thb  time  the  lipalian  era  (1910). 

We  have  seen  that  tiie  Proterozoic  began  with  a  facial  period,  as 
eridenced  by  the  tillitee  of  Canada,  but  that  this  fr^d  condition 
did  not  last  long  is  attested  by  the  younger  Lower  Huronian  lime- 
stones of  Steeprock  Lake,  Ontario,  having  a  thickness  of  from  500 
to  700  feet  and  replete  with  Atikokania,  sponges  up  to  15  inches  in 
diameter,  and  forming  reef  limestones  several  feet  ttiick,  found  there 
by  Lawson  and  described  by  Walcott  (1912).  This  discovery  is  of 
Uw  greatest  value,  and  opens  out  a  new  field  for  paleontologic 
endeavor  in  Proterozoic  strata  and  for  philosophic  speculation  as 
to  tlie  time  and  conditions  when  life  originated. 

We  have  also  seen  that  the  Proterozoic  closed  with  a  frigid  climate, 
as  is  attested  by  the  tillites  of  Australia,  Tasmania,  and  possibly 
China,  while  the  other  glacial  deposits  of  India,  Africa,  Norway,  and 
Keweenaw  certainly  do  in  part  indicate  another  and  older  period  of 
cool  to  cold  world  climates. 

Camhric. — Due'  to  the  researches  of  many  paleontologists,  but 
mainly  to  those  of  Charies  D.  Walcott,  we  now  know  that  the  shallow- 
water  seas  of  XiOwer  Cambric  time  abounded  in  a  varied  animal  life 
that  was  fairly  uniform  the  world  over  in  its  faunal  development. 
It  was  essentially  a  world  of  medusie,  annelids,  trilobites,  and  brach- 
iopods,  animals  either  devoid  of  skeletons  or  having  thin  and  nitrog- 
enous external  skeletons  with  a  limited  amoOnt  of  lime  salts.  The 
"Hme  habit"  came  in  domiaantly  much  later;  in  fact,  not  before  the 
Upper  Cambric.  However,  that  the  seas  in  Lower  Cambric  time 
had  an  abundance  of  usable  lime  salts  in  solution  is  attested  by  the 
presence  of  many  Hyoltthes,  small  gastropods  and  brachiopods,  and 
more  especially  by  the  great  number  of  Arch»ocyathiiue,  most 
primitive  cor^,  which  made  reefs  and  limestones  200  feet  thick 
and  of  wide  dmtribution  in  Australia,  Antarctica,  California  (thick  s\c 
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In  Middle  Cretacic  times  the  oceans  began  t^ain  to  spread  over  the 
continents  and  this  transgression  of  the  seas  was  one  of  the  greatest 
of  the  geologic  past.  It  is  interesting  to  note  that  even  though  then 
was  great  opportunity  for  expansive  evolution,  but  few  new  muiDe 
stocks  appeared  here,  aad  it  was  rather  a  time  of  death  to  nunf 
characteristic  stocks.  This  well-known  fact  is  clearly  brought  out 
by  Walther  in  his  interestii^  book,  "G^chichte  der  Erde  und  des 
Lobens"  (1908),  inchapt6r26,  entitled  "Cretaceous  time  and  its  great 
mortality."  !Entire  stocks  of  specialized  forms  vanished,  just  as  did 
other  stocks  at  the  close  of  the  Paleozoic.  In  late  Cretacic  time  it 
was  the  ammonites,  belemnites,  the  rudistids  that  b^an  to  develop 
in  great  numbers  in  the  Lower  Cretacic,  and  the  other  thick-sbelled 
large  bivalves  (Inoceramus)  that  perished.  In  addition,  there  wis 
a  groat  reduction  among  the  roof  corals,  the  replacing  of  the  dominaot 
ganoids  by  the  teleosts  or  bony  fishes,  and,  finally,  the  complete  dying 
out  of  the  various  stocks  of  marine  saurians. 

On  the  land,  with  the  further  rise  of  the  Angiosperm  floras,  ve  see 
the  vanishing  of  the  reptilian  dr^ions  known  as  pterodactyls,  and, 
st  the  very  close  of  the  Cretacic,  the  last  of  the  large  and  small 
dinosaurs  and  the  birds  with  teeth.  "We  thus  see  the  reptike 
displaced  from  the  seas  by  the  fishes;  on  the  land  they  are  restncted 
by  the  rise  of  the  mammals,  in  the  air  after  a  short  stru^le  by  the 
more  finely  oi^anized  birds — in  short,  the  reptilian  dominance 
is  destroyed  with  the  end  of  the  Mesozoic  era,  in  which  entire  time 
they  were  the  characteristic  feature."     (Koken,  1S93.) 

The  Upper  Cretacic  was  therefore  a  time  of  great  mortaUty  among 
animals,  "here  sooner,  there  later;  although  numerous  relict  faunas 
are  preserved  for  a  time  and  last  into  the  Oenozoic,  still  there  nerer 
was  so  great  a  mortality  as  that  taking  place  toward  the  close  of  tba 
Cretacic."     (Walther,  1908.) 

During  the  Upper  Cretacic,  but  more  especially  toward  the  ckee 
of  the  period,  mountain  making  on  a  vast  scale  went  on,  along  with 
exceptional  outpourings  of  lavas  and  ashes.  These  movements, 
though  of  less  intensity,  were  repeated  in  early  Tertiary  times, 
and  while  they  were  equaled  only  by  those  of  the  closing  period  of  the 
Paleozic,  they  were  exceeded  by  the  crustal  deformation  of  late 
Tertiary  time;  they  form  the  Laramide  revolution  of  Dana,  embracing 
the  mountains  of  western  North  and  South  America  from  Cape  Horn 
to  Alaska  and  the  reelevation  of  the  Appalachian  and  AntaOeaa 
Mountains.  Throughout  the  Kocene  in  the  Rocky  Mountains  there 
were  many  volcanoes  throwing  out  immense  quantities  of  ashes 
in  which  is  entombed  a  remarkable  vertebrate  fauna.  Then  in  late 
Cretacic  time  in  peninsular  India  occurred  the  Deccan  lava  flows, 
the  most  stupendous  eruptions  known  to  geologists,  covering  an  area 
of  200,000  square  miles,  in  thickness  anywhere  up  to  a  mile  or  more. 
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members  of  the  uranium  and  thorium  families.  We  know  that  each 
member  of  a  family  will  exist  in  equilibrium  amount  within  the 
nucleus  posseeaing  the  parent  element.  E^ach  alpha  ray  leaving  the 
nucleus  will  juat  attain  its  range  and  thea  cease  to  affect  the  mica. 
Within  the  halo  sphere  there  must  be,  therefore,  the  accumulated 
effects  of  the  influences  of  all  the  rays.  Each  has  its  own  sphere  of 
influence,  and  the  spheres  are  all  concentric. 

The  radii  in  biotite  of  the  several  spheres  arogiven  in  the  following 
table : 

VKAmvu  rucLT. 

Radium  C 0.0330 

RadiumA 0224 

Jtaemanadou 0198 

lUdiumF 0177 

Badium 0166 

Ionium 0141 

Uranium  1 0137 

Umnium2 0118 

In  the  photograph  (pi  1,  flg.  2)  we  see  s  uranium  and  a  thorium 
halo  in  the  same  crystal  of  mica,  llie  mica  is  contained  in  a  rock 
section  and  is  cut  across  the  cleavage.  The  effects  of  thorium  C, 
are  clearly  shown  as  a  lighter  border  surrounding  the  accumulated 
inner  darkening  due  to  the  other  thorium  rays.  The  uranium  halo  (to 
the  right)  similnrly  showa  the  effects  of  radium  C,  but  less  <Iistinctly. 

Ilalors  which  are  uniformly  dark  all  over,  as  described  above,  are, 
in  point  of  fac:t,  "overexposed,"  to  borrow  a  familiar  photofp'aphic 
term.  Haloes  are  found  which  show  much  very  beautiful  internal 
detail.  Too  vigorous  action  obscures  this  detail  just  as  detail  is  lost 
in  an  overexposed  photograph.  We  may  again  have  "ujiderexposed" 
haloes  in  which  the  action  of  the  several  rays  is  incomplete  or  in 
wliich  the  action  of  certwn  of  the  rays  has  left  little  if  any  trace. 
Beginning  at  tlic  most  underexposed  haloes  we  find  circular  dark 
marks  having  the  radius  0.012  or  0.013  millimeter.  These  haloes  are 
due  to  uranium,  although  their  inner  darkening  is  doubtless  aided  by 
the  passage  of  rays  wliich  were  too  few  to  extend  the  darkening  be- 
yond the  vigorous  effects  of  the  two  uranium  rays.  Then  we  find 
haloes  carried  out  to  the  radii  0.016,  0.018,  and  0.019  nullimcter. 
The  last  sometimes  show  very  beautiful  outer  rings  having  radial 
dimensions  such  as  would  bo  produced  by  radium  A  and  radium  0. 
Finally  we  may  have  haloes  in  which  interior  detail  is  lost  so  far  out 
as  the  radius  due  to  emanation  or  radium  A,  wliile  outside  this  floats 
the  ring  due  to  radium  C.  Certaiji  variatiooa  of  these  elTecta  may 
occur,  raarkir^,  apparently,  different  stages  of  exposure.  Plato  2 
illustrates  some  of  these  stages,  figure  2  of  this  plate  being  greatly 
enlarged  to  show  clearly  the  halo  sphere  of  radium  A. 
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At  the  bottom  of  the  seas,  side  by  aide  with  the  continuous  work  of 
natural  forces  —of  gravit jj  of  chemical  precipitations  and  dissolutioos — 
myriads  of  beings  live  and  die,  innumerable  generations  succeed  each* 
other  and  develop  to  finally  accumulule  inert  depoats,  which  in  later 
millions  of  years  shall  become  the  sedimentary  formations  of  a  new 
land  jtist  as  to-day  in  Touraine,  in  Normandy,  in  Champagne  Uie 
chalky  limestones  which  nourish  our  crops  and  from  which  we  extract 
material  for  the  construction  of  our  houses  are  the  product  of  bryozo- 
ans,  of  foraminifera  of  the  Cretaceous  age.  A  glance  at  the  geolog- 
ical formations  which  make  up  the  st^d  substratum  of  our  arable  land 
is  enough  by  the  presence  of  innumerable  remains  of  marine  shells  to 
establish  the  fact  that  the  greater  part  pf  these  chalk  beds  were  f  onned 
in  the  seas.  Beside  these  marine  sediments  the  lake,  river,  and  other 
sediments  play  but  a  minor  part.  And  if  in  comparison  with  the 
sedimentary  deposits  proper  we  considered  the  formations  due  to  an- 
other great  source  of  terrestrial  activity — fire — ^we  could  show,  dis- 
regarding the  plutonic  rocks,  that  the  evidences  of  these  tgaeona 
rocks  occupy  a  limited  area  at  the  surface.  It  is  true  that  the  plu- 
tonic rocks  would  soon  predominate  if  we  could  dig  down  a  short  dis- 
tance into  the  crust  of  the  globe.  At  a^depth  of  2  or  3  kilometeis 
(which  appears  to  us  enormous  because  we  are  very  small  and  because 
our  tools  are  very  insufficient,  but  which  is  only  a  shallow  depth  in 
the  6,400  kilometers  of  radius  of  the  earth),  we  should  find  the  sedi- 
ments would  disappear,  giving  place  almost  exclusively  to  igneous 
rocks.  But  this  geol<^y  of  the  depths,  which  perhaps  will  be  the 
geology  of  om-  successors,  uofortuoately  is  not  yet  for  us.  And  if 
one  is  limited  as  we  are  to  the  surface  of  the  earth,  the  part  played 
by  the  waters,  especially  by  the  marine  waters,  becomes  absolutely 
predominant. 

Geolc^  was  made  by  the  waters;  it  was  made  by  the  seas.  If 
water,  as  it  is  passing  away  in  other  worids,  had  not  existdd  at  the 
surface,  this  geology  would  be  altogether  different;  and  the  day 
when  active  water  shall  have  disappeared  from  the  surface  of  tiis 
earth,  which  may  happen,  -though  perhaps  only  by  congealing,  tbe 
land  will  be  dead ;  its  geolc^cal  history,  as  we  undentand  it  at  least, 
will  be  ended. 

Thus  oceanography  permits  us  to  see  in  operation  before  us  this 
work  of  the  waters,  which  has  played  such  a  preponderant  part  in  the 
construction  of  the  earth's  crust.  There  are  some  sediments,  cont- 
parable  to  those  of  geological  strata,  which  are  now  in  process  of  for- 
mation in  the  seas,  just  as  the  scenery  prepared  in  the  mysterioDS 
places  beneath  the  stage  of  a  theater  is  caused  at  a  given  mtHneot 
to  spring  up  to  alter  the  scene.  Of  the  method  of  these  great  changes 
at  which  we  can  not  be  present,  but  of  which  the  ancient  equivalent 
constitutes  our  geologic  history,  oceanography  informs  us.    Hu 
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brought  up  some  Cretaceous  blocks,  showii^  that  marine  cirustacea 
might  have  existed  betweeo  the  two  important  peninsulas  of  Com- 
w^  and  Brittany,  and  consequently  justifying  l^e  inference  that 
since  the  Cretaceous  epoch  this  might  h&ve  been  the  site  of  a  marine 
furrow.  The  same  series  of  dredgings  enables  us  to  trace  on  the  map, 
from  Uoriaix  to  Plymouth,  after  these  Eocene  and  Cretaceous  epoch^ 
some  successive  zones  of  Liassic,  then  of  Triaasic,  with  ancient  strata 
in  the  vicinity  of  the  continent.  Thus  a  series  of  andent  seas  might 
have  existed  on  the  site  of  tJie  Channel  to  lead,  probably  during  the 
U^inning  of  the  Pleistooene,  to  an  emergence  during  which  the  Chan- 
nel must  have  played  the  part  of  a  continental  valley  and  finally 
resulted  in  a  last  submergence  of  which  we  see  the  effects. 

On  the  Atlantic  coast  we  have  but  little  iuformation  in  regard  to 
the  continental  shelf  or  plateau  to  the  west  of  Ireland,  where  the 
EODes  of  strata  which  become  visible  on  the  continent  appear  to  be 
prolonged  under  the  sea.  In  the  Atlantic  Ocean  itself  volcanic  rocks 
ue  found  at  various  points  denoting  high  bottoms  not  covered  over 
with  sediments.  Notably,  900  kilometers  north  of  the  Azores,  at  a 
depth  of  3,000  metejs,  some  jagged  Sows  of  lava  have  been  found 
which  were  almost  certainly  soUdified  in  the  air.^ 

Everywhere  else  we  are  awaiting  information  not  yet  furnished  us 
bj  oceanographio  sounding,  and  in  order  to  reconstruct  the  history 
of  tile  ancient  seas  we  are  reduced  to  deductions  based  on  l^e  con- 
tinuity of  geolo^c  zonee,  on  the  nature  of  the  faunas  and  the  floras  in 
Tuioua  epochs,  and  on  the  relations  between  these  faunas  and  floras. 

In  brief,  we  are  led  thus  to  conceive  the  various  types  of  seas: 
(1)  llie  typo  of  continental  shelf  or  plateau  prolonging  the  neigh- 
boring continents  in  a  gentle  slope,  which  ^e  faint  movements  of 
eqnibbrium  may  alternately  move  again  above  or  below  the  sea  (the 
North  Sea,  the  Baltic,  Hndaon  Bay),  etc.;  (2)  the  type  of  geosyn- 
cUual  depression  in  connection  with  foldings  which  take  at  first  the 
upect  of  a  marine  farrow  or  ridge,  to  give  place  some  day  to  a  high 
alpine  chain  and  on  which,  in  proportion  to  its  fragility,  become 
ucnmolated  volcanic  and  seismic  insularities  (Mediterranean) ; 
(3)  the  Atlantic  type,  where  successive  subsidences  through  irr^^- 
luities  of  unequal  depth  ractending  north  and  sonth  have  abruptiy 
shced  off  geol<^c  zones  of  nearly  perpendicular  direction,  and  where 
the  slopes  cross  these  perpendicular  zonee  without  the  least  account 
bong  taken  of  them,  a  recent  ocean  at  its  central  axis  elevated  with 
Tolc&nic  manifestations ;  *  and,  finally,  (4)  tiie  Pacific  type  in  which 
geosynclinal  troughs  with  ranges  of  fplding  warp  an  immense  block, 
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^m  cmises  f&r  and  wide  acioes  the  seas,  especially  during  the 
mneteenth  centmy,  sailois  and  travelers  brou^t  back  laiige  collec- 
tioDs  of  many  varietiee  of  ftnipnak  and  plante.  To  the  explorations 
by  Dumont  d'UrviUe,  du  Petit-Thouais,  P^roo  and  Lesueur,  Quoy 
ind  Qaimard,  Hombron  and  Jacquinot,  and  otheiB,  the  Uusfium 
d'EBstoiie  Naturelle  owes  tiie  great  number  of  original  types  which 
make  up  its  rich  collections.  The  marine  organisms  collected  by 
tiiem  were  taken,  for  the  most  part  at  least,  either  between  tides 
or  in  surface  waters,  without  special  appliances. 

Hie  cruise  of  the  Challenger  around  the  world  (1873-1876)  marks 
'  u  important  date  in  this  class  of  scientific  explorations.  Not  con- 
UaA  with  t^  accumulation  of  a  mass  of  material  for  zoological  study, 
they  abo  made  obaerrations  on  the  conditions  of  the  environment 
in  wliich  the  captured  animals  lived.  The  nature  of  the  sea  bottoms 
WW  studied ;  the  depths  and  the  temperatures  of  the  sea  waters  along 
the  course  were  recorded.  This  was  the  beginning  of  a  new  branch 
of  the  science  of  oceanography,  which  has  in  the  years  succeeding 
UMlergone  great  development. 

This  was  also  the  beginning  of  a  series  of  explfwations  conceived  in 
the  same  spirit  and  undertaken  by  diffOTent  countries:  The  Tra- 
tniOew  and  the  Tolitman  in  France,  the  National  and  the  VtMivia 
m  Germany,  the  SHoga  in  Holland,  the  Investigator  in  India,  the 
Sake  and  the  Albatross  in  the  United  States,  and  others,  without 
taking  into  account  the  numerous  expeditions  which  traveteed  the 
Arctic  Seas  and  those  which  penetrated  the  Antarctic  Ocean. 

Special  mention  is  due  the  cruises  of  the  Prince  of  Monaoo  in  the 
Atlantic  Ocean  and  in  the  region  of  Spitzbergen. 

II. 

It  is,  however,  only  at  a  very  recent  date  that  the  methods  of 
oceanographic  investigation  have  been  fixed  and  systematized.  It 
was,  to  be  exact,  in  1902  that  the  nations  bordering  upon  the  North 
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end  tKat  it  was  to  their  intereet  to  know  the  physical  conditioii  of 
that  B«a  and  the  hiology  of  the  fishes  which  are  found  t^ere.  Tbey 
hare  divided  up  the  immense  task  which  is  to  be  carried  on  jointly 
according  to  a  pn^ram  in  which  each  nation  has  the  shore  most 
suited  to  it.  The  investigations  undertaken  by  all  the  parties  have 
oulminated  in  on  imposing  army  of  pubtioationa  appearing  under  the 
titles:  Rapports  et  Proote  verbaiuc;  Publications  de  circonstanoe, 
(Conseil  permanent  international  pour  I'exploration  de  la  nwr,  Copen- 
iipie.) 

m. 

From  the  point  of  view  of  purely  oceanographic  investigations,  the 
Scandinavians,  who  have  so  courageously  explored  the  Arctic  regions, 
have  shown  themselves  to  be  ardent  enthusiasts.  During  the  last 
15  years  the  Norw^ans  have  especially  distinguished  themselves 
and  their  inveetigations  have  caused  such  a  etir  in  the  scientific  world 
that  we  must  summarize  briefly  the  results. 

In  1895,  Dr.  J.  Hjort,  the  distinguished  director  of  the  scientific 
fisheries  service  of  Norway,  in  his  annual  report  called  attention  to 
Hm  impossibihty  at  that  time  of  detennining  where  the  fishes  live 
when  they  abandon -the  Uttoral  waters.  "No  one,"  he  said,  "knows 
what  becomes  of  the  cod,  the  eel,  the  herring,  or  the  mackerel,  wh«i 
they  leave  the  shore  waters.  This  is  a  point  in  urgent  need  of  inves- 
t^tion.  No  nation  is  more  interested  than  Norway  in  deciding  the 
question,  for  excepting  those  of  the  coast  of  SfindmtJre  (Aalesund), 
the  fisheries  are  almost  exclusively  littoral,  and  the  deep  sea  remains 
for  the  fishers  of  that  country  a  virgin  ground."  He  emphasized  the 
necessity  oi  having  a  steamer  well  equipped  to  undertake  careful 
iaveetig&tioos,  based  on  the  technical  oceanographical  knowledge  so 
far  acquired.  The  Norw^ian  Government  was  so  much  impressed 
by  Hjort's  appeal  that  in  July,  1900,  the  learned  naturalist  and  his 
coUaboiators  were  ready  to  make  their  first  cruise  on  the  Michael 
Sort,  built  in  England  after  the  plans  of  Hjort  himself,  the  arrange- 
ment and  equipment  of  which  have  served  as  a  model  for  similar 
vessels.  The  practical  utility  of  a  technical  study  of  the  sea  was 
quicldy  admitted  among  the  Norwegian  fishermen.  I  recall  that  in 
1908,  when  I  was  taking  the  very  instructive  course  of  K^resfor- 
schuDg  (studies  and  investigations  relative  to  the  sea)  instituted  at 
Be^m,  the  president  of  the  oiganization  conunittee,  a  shipowner,  on 
the  day  of  the  inauguration  of  the  lectures,  delivered  an  address 
which  greatly  impressed  his  cosmopolitan  audience,  and  in  which  in 
its  true  light  he  described  the  service  which  oceanography  had 
already  rendered  to  the  fisheries. 

To  the  lot  of  Norway,  ip  the  division  made. by  the  permanent 
CDundl,  fell  the  Norwegian  Sea  with  its  fjords;  that  is,  the  northern 
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sum  of  20,000  francs  (incorporated  in  the  extra  budget  for  ihe  Navy) 
tor  each  appropriation  is  set.  aside  for  the  ctHistruction  and  funushing 
of  this  institute.  Besides  the  Royal  Italian  Thalassogri^hic  Com- 
mittee, they  hare  created  local  committees  to  participate  in  the  gen- 
eral  work,  but  especially  to  study  local  problems:  ligurian,  Adriatic, 
Parthenopian,  and  Sicilian  committeee. 

It  is  to  the  study  of  the  Adriatic  that  the  Itfdian  efforts  are  mainly 
directed.  An  agreement  concluded  with  iha  Ausbti-Htmgariaa  Gov- 
ernment following  a  conference  of  delegates  of  tile  two  allied  countries 
at  Venice,  in  May,  1910,  paved  the  way  for  this  collaboration.  Four 
cruises  eat^  year,  in  February,  in  May,  in  August,  in  November 
(those  of  November,  1911,  February  and  May,  1912,  could  not  be 
carried  on  on  account  of  the  TripoUtan  war),  were  to  be  undertaken 
following  flight  determined  traverses,  making  observations  and  meas- 
urements according  to  an  established  technique  with  the  standard 
instruments.  The  fourteenth  cruiae  of  the  Oydops  (Italy)  and  of 
the  Naiad  (Austria-Hungary),  whidi  were  to  close  the  prc^ram  of 
periodical  investigations  to  be  made  in  the  Adriatic,  took  place  in 
February,  1914. 

Finally,  the  international  commission  for  the  study  of  the  Medi- 
terranean has  thus  far  met  three  times  under  the  honorary  presidency 
of  S.  A.  S.  the  Prince  of  Monaco.  At  the  last  meeting,  at  Home,  in 
1914,  the  Italians  presented  a  complete  plan  of  investigations  for 
that  Bflftj  inspired  by  that  which  they  hod  followed  in  the  Adriatic, 
and  laid  out  work  for  each  of  the  nations  bordering  on  the  Medi- 
terranean.   ' 
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ODSB,  hitherto,  however,  witb  indifferent  success.  The  long-continued 
opwations  of  nature  before  the  advent  of  man  have  been  needed  to 
concentrftte  these  scattered  grains  into  sufficient  quantities  to  be 
profitable  for  his  use. 

The  varioua  methods  of  gold  recovery  in  the  Klondike  district 
may  be  generally  classified  under  three  main  heads  into  the  following 
seven  subdivisions: 

A.  By  individual  men : 

(1)  Washing  surface  gravels  with  ibovel  and  pan. 

(2)  Sluicing  gravel  with  flumes  and  sluice  boxes. 

B.  Small  parties: 

(3)  Working  drift  with  mechanical  scraper  and  sluices. 

(4)  Drift  mining  in  shafts  and  sluicing. 

C.  Capitalists: 

(5)  Dredging  with  powerful  mechanical  }dant. 

(6)  Hydraulic  sluicing  with  monitors. 

(7)  'Mining  and  stamping  ore  in  mills. 

lie  first  class  (A.)  includes  the  so-called  '  'poor  men's  di{^;ingB,"  as 
tQ'the  plant  that  is  required  are  a  few  tools  and  wood  to  make 
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cradles  or  sluice  boxes  and  flumes  to  convey  the  waier  required  to 
wash  the  gravel.  The  second  class  (B)  requires  more  financial 
reaources  and  also  more  mechanical  abihty,  but  a  man  who  has  begun 
from  zero  may,  if  successful,  quite  well  gain  enough  money  and  expe- 
rience to  enter  class  B  and  employ  other  men  or  work  in  company 
with  a  party  on  the  cooperative  system.  Both  A  and  B,  however, 
require  fairly  rich  ground  to  work  upon.  But  between  B  and  C 
there  is  a  wide  gap,  and  only  men  euch  as  Mr.  J.  W.  Boyle,  with  excep- 
tional ability  and  command  of  ample  capital,  can  hope  to  pass  from 
B  to  C  and  work  the  low-grade  placer  gravels  or  quartz  veins  suc- 
cessfully. The  poor  men  without  education  who  suddenly  realized 
fortunes,  but  had  not  the  brains  to  use  their  money  rightly,  were  not 
qualified  to  pass  into  the  last  class  even  though  they  had  the  capital 
to  begin  wi^.  The  survivois,  the  men  with  both  the  mental  and 
material  resources,  are  now  left  almost  alone  on  die  field,  and  it  is  to 
them  that  the  future  of  Klcmdike  belongs.  OoOqIc 
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every  aspect  of  b  real  sexual  process,  as  De  Baiy  had  asserted  in 
1863.  What  made  Harper's  diecovery  still  more  sigoifioant  was  the 
determination  of  the  fate  of  the  fusion  nucleus  In  relation  to  th« 
nuclei  of  the  ascus  and  spores.  Harper  found  that  one  of  the  tow  of 
five  or  six  cells  reaultii^  from  the  division  of  the  fertilized  oOgoninm 
has  two  nuclei.  These  two  descendants  of  the  diploid  nudem, 
formed  at  fertilization,  afterwards  fuse,  and  the  ceU  contuning  them 
swells  to  form  the  single  asous  of  this  species.  This,  presumab^ 
tetraploid,  fusion  nucleus  of  the  ascus  then  grows  and  divides  time 
times  to  ^vo  the  eight  spore  nuclei.  In  the  foUowing  year  or  two 
Harper  (1896-97)  demonstrated  a  sexual  fusion  of  the  same  type  at 
the  initiation  of  the  fruits  of  another  mildew  Erysibe,  and  of  the 
saucer  fungus  Ascobolus.  The  numerous  asci  of  these  forms  aB, 
arise  from  biuuclcate  branches  of  the  binucleate,  subt€rminal  cell  of 
the  fertilized  oogonium.  Each  ascus  is  at  first  binucleate,  but  lat«r, 
as  had  been  seen  by  Dangeanl  (1894),  the  two  fuse  and  then  by 
division  the  eight  spore  nuclei  are  formed  as  in  Sphserotheca. 

In  the  course  of  the  following  decade  Harper  reported  the  ooour- 
rence  of  two  nuclear  fusions,  Uke  those  of  Sphterotheca,  and  at  the 
same  points  in  the  life  cycle,  in  the  mildews  Erysibe  (1896)  aad 
Phyllactinia  (1905),  and  in  the  saucer  fungus  Pyronema  (1900). 
Moreover,  he  found  in  Phyllactiiua  a  synapsis  and  evidences  of  a 
double  reduction  of  the  chromosome  nxmiber  in  the  divisions  of  the 
presumably  tetraploid,  fusion  nucleus  of  the  ascus.  Pyronema 
proved  interesting  also  in  having  multinucleate  gametes,  such  u 
were  at  this  time  being  studied  by  Stevens  in  the  white  rust  Albnga 
Harper  believed  that  many  pairs  of  male  and  female  nuclei  fuse  in 
the  oogonium  of  Pyronema. 

As  the  outcome  of  this  whole  series  of  studies  by  Harper  it  seemed 
clear  that  there  is  in  many  Ascomycetes  an  alternation  of  a  haploid 
generation,  the  vegetative  mycelium  and  the  sterile  hyphie  of  the 
fruit,  with  a  diploid  generation,  the  fertilized  oogonium  and  the 
asGus-forming  hyphse  arising  from  it.  The  second  fusion,  in  the 
ascus,  was  regarded  as  a  nutritive  phenomenon  to  provide  a  noolenB 
adequate  in  size  for  the  organization  of  the  relatively  huge  ascus. 

At  the  opening  of  the  century  the  observations  of  a  number  of 
workers  on  the  simpler  Ascomycetes,  c,  g,,  those  of  Juel  (1902)  and 
Barker  (1902),  seemed  to  estabUsh  the  occurrence  of  a  nuclear  fudon 
in  the  oogonium  in  these  forms  also.  This,  with  Harper's  work, 
made  it  seem  probable  that  this  fusion  is  a  frequent  pheaomeoon 
throughout  all  the  Ascomycetes. 

The  researches  of  certain  other  cytological  workers,  however, 
convinced  them  that  no  fusion  of  nuclei  really  occurs  in  the  oflgoniniii 
of  the  Ascomycetes  which  they  studied.  Thus,  Dangeard  (1897  and 
1907),  working  on  Sphterotheca  and  Erysibe,  foimd  no  fosion  except 
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It  is  fortunate  that  they  are  so  well  suited  for  iheaa  pioblaiM  of 
graduate  studente,  and  we  may  hope  that  the  traditioDS  estaUUied 
in  the  laboratories  of  Fartow  and  Atkinson  may  be  perpetuated  ib 
well  in  other  institutions. 

IV. — THE   CULTtntB   FEOBLEHS. 

While  De  Bary  in  Germany  was  laying  the  foondatioo  ot  myco- 
l(^cal  morpholi^iy,  Pasteur  in  France  was  doing  a  corresponding 
imp(H*t&at  work  on  the  side  of  physiology,  dealing  with  tlie  fund*- 
mentals  of  fermentation  and  nutrition.  FoUowing  hia  iniUal  effort^ 
the  problem  of  the  pure  culture  with  yeasts  and  bact^ia  was  promp4j' 
defined  and  solved.  Bacteriology  not  only  came  quickty  into  cixist- 
ence,  but  soon  became  the  most  exact  science  of  the  biological  poop, 
owing  to  the  fact  that  in  such  pure  cultures  environmental  oonditionB 
can  be  controlled  to  a  degree  unattainable  with  the  higher  organisiiB. 

Brefeld's  success  in  culturing  the  smuts  directed  attention  to  this 
new  method  in  studying  the  fungous  parasites.  Although  ihe  meUt- 
ods  were  adapted  from  those  of  the  bacteriolo^ts  their  uses  with 
fungi  are  somwehat  different.  With  these  it  is  not  only  the  gain 
from  exact  handling  in  differentiating  mixed  infections  and  iaoea- 
lating  from  pure  cultures,  but  also  in  completing  life-history  investi- 
gations. With  the  imperfect  fungi  and  Pyrenomycetes  the  method 
is  especially  apphcable  and  the  recent  work  on  Olomerella  by  Shear* 
and  Edgerton '  illustrates  well  its  advantages.  To  this  method 
PJiytophtkora  infestans  has  at  last  yielded  the  clue  to  its  complete 
life  history,'  although  here  as  always  the  developments  in  the  culture 
tube  need  to  be  checked  by  comparison  with  those  in  nature. 

For  culturing  the  plant  pathogens  the  value  of  the  solid  over 
hquid  media  and  of  vegetable  over  animal  extracts  becomes  incre«s- 
ingly  evident  with  experience.  Thijs  the  merits  of  Clinton's  oat  agar 
which  gave  such  important  results  with  Phytophthora  have  again 
been  shown  by  the  development  upon  this  medium  in  our  laboratMy 
of  perithecia  of  the  apple  scab  fungus  in  greater  abundance  and  vigor 
than  ever  observed  in  nature.*  It  should  be  assumed  that  for  aB 
such  ftmgi  which  develop  part  of  their  fruiting  stages  sapropbytica&f 
we  may  perfect  culture  media  and  methods  which  will  not  onbr  stimO- 
late  but  may  Improve  on  those  of  nature. 

■  Shcoi,  C.  L.  and  Wood.  A.  K.,  Btudles  ol  Iudsdiu  pBruIln  bgkmglae  U>  \bi  ftam  Okmunlk.  U.  S. 
Dept.  Agr.,  Bo,  PI.  Ind.  llul.  M2.    191S, 

<  BdgMoD,  C.  W.,  Plm  and  mbiua  Miabu  m  IS  AMomyoato.  Bclou^  N.  a  S&  UL  UU;  ito  fip* 
raad  at  thb  Atlanta  mMling. 

■Sea  louts,  L.  It.  and  Olddbigs,  N.  I.  Studlu  of  tbs  potato  fungiu.  Snktioe,  N.  S.  R  in.  MK 
8eealBlbId.30:B13.ira:»:7!.].m().  Olntiin,  O.  P.,  OcoponBol  poMtobUgbt.  Botaict,  N.  L  ft  ItL 
laillConii.  Agr.  Eip.  Sto.  Kept.  IWV-IO:  TS3.  Joniw,  Qlddtags  and  Latsian,  Inv(Ml(Mkiaioltb*paWi 
lup^iu.  U.  6.  Dsponnunt  AgriculturB,  Bq.  PI.  Ind.  But.  MG.  IR12.  PMbytnidc*>  0.  H.,  Om  fm» 
mlloces  of  Pbrtophtlicra  intnluii  D«  Bsiy  and  Iba  developnnil  of  ogwona.  BbL  Ft«D.  Kajll  MM 
Boo.  13;  s».  una. 

'B««  slotract  ol  paper  by  F.  R.  Jonao:  "Paitbaoia  b 
tbcitocy  ':  S3.    lUl. 
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And  well  tii«  so-culled  obligate  parasites  deserve  atteutiou,  for  wc 
are  not  restricted  to  artificial  or  dead  media  iii  pure  culture  work. 
The  living  sterile  tiasues  of  the  proper  host  may  be  secured  for  many 
pwasitea  providing  only  the  need  is  auffident  to  justify  the  ptuna- 
taldng.  This  of  course,  is  easy  with  many  interior  tissues  of  Q.e^y 
puts,  while  for  various  other  plants  the  seedlings  may  be  grown  from 
sterile  seeds.  It  would  seem  that  the  problem  of  whether  or  not 
Pliumodiophora  brassiaie  is  the  sole  cause  of  club  root  of  cnioifeis,  or 
whether  association  is  necessary  with  bacterial  or  other  oi^anisms,  as 
has  bees  suggested,*  is  a  challeoge  to  such  increased  skill  ia  culture 
technique. 

Finally,  there  is  culturing  upon  the  living  host.  Although  this 
wu  the  earliest  method  in  vogue,  and  has  yielded  such  gains  especiallf 
in  the  hands  of  Arthur  and  others  with  mats,  yet  the  general  appUosr- 
hility  and  importance  of  this  practice  in  plant  pathological  investi- 
gatitaia  has  not  been  fuUy  realized.  It  is  only  thus  that  we  can  learn 
with  exactness  of  related  varietal  or  species  susceptibiUty  of  honts  on 
the  one  hand  and  of  the  occurrence  of  biologicnl  forms  among  para^ 
at«»  on  the  other— both  things  of  paramount  importance  in  plant 
pathology,  scientific  and  economic.  Success  in  such  work  is  condi- 
tioned upon  our  ability  to  control  and  interpret  enviromnental  condi- 
tions. When  the  superiority  of  the  greenhouse  for  such  studies  is 
more  fully  reaUzed,  we  shall  hero  work  out  the  most  of  our  fimda- 
BKntal  problems,  with  the  field  plat  as  the  place  more  important  for 
Tttification  than  for  investigation. 

v.— BACTERIA   XN   EELATION  TO  P[.ANT  DISEAaB, 

The  probiemfl  of  bacteria  in  relation  to  plant  disease  naturally 
followed  the  advent  of  the  puro-culture  method.  While,  from  the 
American  standpoint,  this  is  the  most  important  chapter  in  tiio 
development  of  modem  plant  pathology,  it  is  at  the  same  time,  to 
US,  the  most  familiar,  Tlie  universally  acknowledged  world  suprem- 
acy rests  here,  thanks  to  the  hi^  tdeals  and  energetic — at  times  mih- 
tut — leadership  of  him  who  two  years  ago  was  the  honored  president 
of  this  society.  I  may  only  outline  certain  thmgs  in  order  to  warn  of 
dangers  or  suggest  other  problems. 

Since  the  work  of  Burrill,  over  40  years  ago,  no  American  worker  has 
doubted  the  occurrence  of  bacterial  diseases  of  plants.  That  Euro- 
peans were  skeptical  for  a  time  was  the  natural  consequence  of  too 
great  reUance  upon  tradition  and  too  great  respect  for  authority. 
And  as  we  grow  older  in  the  work  in  America  we  must  realize  that  the 
tiaditiona  will  soon  be  ours  and  that  the  paralyzing  hand  of  authority 
will  rest  more  heavily  upon  us.    While  in  general  wo  must  follow  its 
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times  Btimulating.  But  we  have  Eicarcely  suffi<»eiit  basis  for  asugges- 
tion  as  to  the  nature  of  the  agents  involved.  Such  problems  call  tat 
the  combined  skill  of  pathologist,  physiolopst,  cytologist,  uid 
chemist. 

The  variation  in  the  occurrence  of  disease  with  environment  is  one 
of  the  commonest  observations  and  a  thing  of  the  greatest  practical 
moment.  Yet  how  little  progress  we  have  made  in  understanding 
the  factors.  Climate  and  sod  both  are  composites  of  many  variables, 
which  in  turn  may  react  on  either  host  or  parasite.  Why  is  it  that 
Rhizoctonia  diseases  and  Blattrollkrankheit  of  the  potato  clum30 
much  attention  in  certain  sections  of  the  United  States  while  is 
others  patholo^sts  are  skeptical  as  to  their  existence  ?  Why  is  it  that 
the  bacterial  black  leg  of  the  potato  develops  so  much  worse  in  the 
South  than  in  the  North  ?  Why  is  it  that  with  the  melon  the  Fusarium 
wdt  is  the  scourge  of  the  one  section  and  the  bacterial  wdt  of  another! 
Why  is  it  that  the  yellows  disease  of  cabbage  exterminates  the  crop 
under  certain  conditions  and  is  of  minor  importance  under  others! 

It  would  seem  that  here  are  problems  to  challenge  the  attentioD 
of  every  pathologist.  Yet  if  one  turns  to  them  he  is  balked  at  tiie 
outset.  We  have  inadequate  data  as  yet  regarding  the  occurrence 
and  distribution  of  even  the  commonest  economic  (liseases  in  tlie 
United  States.  Let  us  unite  in  urging  that  in  the  reo:;gaiiizatioa  of 
the  work  now  in  progress  in  the  Bureau  of  Plant  Industry  the  entire 
attention  of  at  least  one  expert  pathologist  be  given  to  collecting  and 
analyzing  such  data,  while  all  local  pathologists  pledge  the  under- 
taking continued  support  and  cooperation.  Coordinate  with  the, 
the  local  student  of  the  special  disease  may  make  painstaking  studies 
in  field,  greenhouse,  and  culture  chamber,  and  in  time  delimit  Um 
effects  of  moisture,  temperature,  soil  reaction,  and  like  factors  upra 
each  parasite  and  host. 

The  evidence  is  accumulating  that  the  variations  in  relatiou 
between  parasite  and  host  which  give  us  specialized  races  of  paraatee 
on  one  hand,  and  on  the  other,  gradations  in  disease  resistance  of 
host  are  of  the  greatest  importance,  whether  scientific  or  practical. 
But  we  can  as  yet  record  little  that  helps  us  adequately  to  define  the 
factors  in  the  problfms,  much  less  to  solve  them. 

As  suggested  before,  these  problems  are  at  bottom  physiological 
and  of  the  most  complex  kind.  The  pathology  of  the  past  has  been 
the  work  of  the  mycologist  and  the  bacteriologist.  That  of  the 
future  must  bo  increasingly  dependent  upon  the  physiologist;  for  what 
is  pathology  at  bottom  but  abnormal  physiology  ?  ReaJizing  how 
slow  is  progress  upon  the  really  fundamental  problems  in  normal 
physiology  and  what  dearth  there  is  of  workers  adequately  trained  to 
grapple  with  them,  wo  must  be  patient  with  ourselves,  and  b^  the 
patience  of  others,  when  dealing  thus  with  the  abnormal.    Perhaps 
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keenly  than  I  do  the  present  impracticability,  in  general,  of  restricting 
onr  reeponqibilities  along  any  such  clean  cut  lines,  neverthelees  I  am 
convinced  that  it  is  only  as  we  clearly  define  these  ideals  and  approach 
more  nearly  their  reaUzation  that  we  are  to  secure  the  best  results. 
It  is  encouraging,  therefore,  that  these  responsibilities  are  being 
divided  in  an  increasing  number  of  State  institutions  and  that  the 
proposed  reot^anization  in  the  United  States  Department  of  Agri- 
cnltore  follows  similar  lines,  differentiating  research  at  least  from  the 
other  fields  of  work. 

If  in  this  overlong  discussion  I  have  taxed  your  patience  by  empha- 
uzing  more  the  problems  than  the  progress  in  plant  pathology,  it  has 
been  with  a  two-fold  purpose.  On  the  one  hand,  I  have  hoped  thus 
to  win  your  continued  charity  toward  the  plant  pathologist,  in  view 
of  the  complexity  of  the  problems  which  he  must  meet,  administra- 
tively as  well  as  scientifically.  On  the  other,  I  have  wished  to  urge 
your  continued  cooperation  along  the  two  lines ;  first,  in  training  young 
men  for  the  profession — the  best  training  our  botanical  institutions 
can  i^ve,  with  increasing  attention  to  physiology;  and  second,  in 
sharing,  in  the  future  as  in  the  post,  in  the  responsibility  for  focusing 
attention  upon  the  fundamental  problems  and  fixing  standards  by 
which  rightly  to  measure  progress  toward  their  solution. 
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We  might,  therefore,  have  detected  the  internal  condition  of  the 
plant,  if  we  could  have  made  it  write  dawn  ita  responses.  In  order 
to  succeed  in  this,  we  have,  first,  to  discover  some  compulsive  force 
which  will  make  the  plant  give  an  answering  signal;  secondly,  we 
have  to  supply  the  wherewithal  for  an  automatic  conversion  of  these 
signals  into  an  intelligent  script;  and,  last  of  all,  we  have  oumelvee 
to  Jeam  the  nature  of  the  hieroglyphic. 

BB8PON8B  or  PLANT  AND  ANIMAL. 

In  answering  the  question  whether  there  is  a  fundamental  unity 
in  the  response  of  plant  and  animal,  we  have  first  to  find  out  whether 
sensitivenees  is  characteristic  of  only  a  few  plants  or  whether  all 
plants  and  every  oigan  of  every  plant  is  sensitive.  Then  we  have  to 
devise  apparatus  by  which  visible  or  invisible  reactions  are  detected 
and  recorded.  Having  succeeded  in  this,  we  have  next  to  survey 
the  characteristic  reactions  in  the  animal,  end  find  out  whether 
phenomena  corresponding  to  these  may  also  be  discovered  in  the 
plant. 

Thus,  when  an  animal  is  stru(^  by  a  blow,  it  does  not  respond  at 
once.  A  certain  short  interval  elapses  between  the  incidence  of  the 
blow  and  the  beginning  of  the  reply.    This  lost  time  is  known  as 
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very  aluggiah  under  fatigue;  when  excessively  tired  it  temporalis 
loaea  its  power  of  perception.  In  this  condition  the  pisnt  requins  at 
least  half  an  hour's  absolute  rest  to  regain  ita  equanimity. 

EXCrrATOBT   lUFULSE  IN  MIUOSA. 

We  next  take  up  the  question  of  the  fmiction  of  transmisdon  of 
excitation.  It  has  hitherto  been  supposed  that  in  Mimosa  the  im- 
piilse  caused  by  irritation  is  merely  hydromechanical  and  quite  dif- 
ferent from  the  nervous  impulse  in  the  animal.  According  to  tias 
hydromechanical  theory,  the  turgid  plant  tissue  is  imagined  to  be  like 
india-rubber  tube  filled  with  water.  The  apphcation  of  mechanical 
stimulus  is  supposed  to  squeeze  the  tissue,  in  consequence  of  which 
the  water  forced  out  dehvers  a  mechanical  blow  to  the  contractile 
organ  of  the  plant.  The  propagation  of  mechanical  disturbance  is 
thus  occasioned  by  the  bodily  transfer  of  fluid  material  in  a  pipe. 
In  strong  contrast  to  this  is  the  transmission  of  nervous  impulse, 
which  is  a  phenomenon  of  passage  of  protoplasmic  disturbance  from 
point  to  point.  The  molecular  disturbance,  constituting  excitation, 
passes  along  the  conducting  nerve,  and  this  point-to-point  propaga- 
tion of  molecular  upset  is  known  as  the  transmission  of  excitatory  or 
nervous  impulse.  If  by  any  means  the  physiological  activity  of  a 
portion  of  the  nerve  be  enhanced,  then  ozcitatiou  will  pass  through 
the  particular  portion  with  quickened  speed.  Such  favorable  condi- 
tion is  brought  about  by  the  application  of  moderate  warmth.  If  a 
portion  of  nerve,  on  the  other  hand,  be  rendered  physiologically  slug- 
gish, then  the  speed  of  nervous  impulse  through  that  portion  will  he 
slowed  down.  There  are  certain  agents  which  paralyze  the  nerve 
for  the  time  being,  cau^ng  a  temporary  arrest  of  the  nervous  impulse. 
Such  agents  are  known  as  anesthetics.  There  may,  again,  be  poison- 
ous drugs  which  destroy  the  conducting  {lower.  Under  the  action  of 
such  poisonous  agents  the  nervous  conduction  is  permanently  abol- 
ished. 

We  are  now  in  a  position  to  distinguish  between  mechanical  and 
nervous  transmission.  The  mechanical  conduction  of  water  through 
a  pipe  will  in  no  way  be  affected  by  warmth  or  cold;  the  pipe  will  not 
lose  consciousness  and  stop  the  flow  of  water,  if  it  be  made  to  inhale 
chloroform,  nor  will  its  conducting  power  be  abolished  by  applying 
round  it  a  bandage  soaked  in  poison.  These  agents  will,  on  the  other 
hand,  profoundly  affect  the  transmission  of  excitation.  The  nature 
of  an  impulse  may  thus  be  d^riminated  by  several  crucial  tests. 

If  physiological  changes  affect  the  rate  of  conduction,  then  tie 
impulse  must  be  of  a  nervous  character;  absence  of  such  effect,  on  the 
other  hand,  proves  the  mechanical  character  of- the  impulse. 

Of  the  various  physiological  tests,  Keffer  employed  that  of  the  nar- 
cotic drug.    Chloroform  applied  on  the  surface  of  the  stem  of  Mimosa 
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ph^tomena  in  tiie  plant  and  animal  are  now  thrown  down.  Thus 
commmiity  throughout  the  great  ocean  of  life  is  seen  to  outweigh 
apparent  diaaimilarity.    Diversity  is  swallowed  up  in  unity. 

In  realizing  this,  is  our  sense  of  final  mystery  of  things  deepened 
or  lessened  ?  Is  our  sense  of  wonder  diminished  when  we  realize  in 
the  infinite  expanse  of  life  that  is  silent  and  voiceless  the  foresbadow- 
ings  of  more  wondeiful  complexities  f  Is  it  not  rather  that  science 
evokes  in  us  a  deeper  sense  of  awel  Does  not  each  of  her  new 
advances  gain  for  us  a  step  in  that  stairway  of  rock  which  all  must 
climb  who  desire  to  look  from  the  mountala  tops  of  the  spirit  upon 
tiie  promised  land  of  truth  1 
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the  animal,  when  finally  captured,  had  but  one  effective  kg.  The 
Amerioan  Indians,  before  they  became  acquainted  with  t^e  use  of 
iron,  used  these  formidable  teeth  of  the  beaver  as  gouges  and  clusek. 

In  other  respects  also  the  animal  is  excellently  adapted  for  thie 
work.  He  readily  stands  upright  on  his  hind  1^,  as  may  be  seen 
in  plate  22.  This  is  the  postture  he  assumes  when  gnawing 
around  a  tree  in  order  to  fell  it.  His  forel^s  and  paira  are  capable 
of  holdii^  and  clasping,  very  much  as  do  the  hands  and  arms  of 
man.  It  is  with  these  that  he  carries  his  load  of  twigs,  stones, 
and  mud  with  which  he  builds.  His  hind  feet  are  powerful  paddks, 
and  ho  can  use  his  flat,  scaly  tul  to  guide  him  in  swimming.  Wlien 
alarmed,  he  gives  a  resoimding  slap  upon  the  water  with  bis  tail, 
dives,  and  seeks  the  security  of  his  lodge. 

Near  the  pen  in  which  the  beavers  are  confined  arc  smaller  inrb- 
sures  for  gnawing  animals  of  similar  habits,  such  as  the  muskrat  lod 
the  coypu  or  nutria. 

The  muskrat  is  a  natural  inhabitant  of  the  park,  colonies  of  tita 
being  found  in  several  places  along  the  banks  of  Kock  Creek.  UoR 
tolerant  of  civilization  than  his  cousin  the  beaver,  he  is  also  men 
proMc,  and  is  consequently  found  in  considerable  nnmbera  throng 
out  the  United  States.  He  is  smaller  than  the  beaver  and,  like  him, 
lives  in  lodges  made  out  of  small  twigs  or  in  burrows  hollowed  in 
the  banks  of  streams  and  ponds,  the  entrance  being  always  undtf 
water.  The  fur  is  sold  extensively,  usually  under  some  di^uising 
name,  as  "river  mink,"  or  "Hudson  seal." 

The  coypu,  also  called  the  nutria,  the  South  American  water  ni, 
otter,  or  beaver,  is  a  native  of  Argentina,  Chile,  and  Peru.  Its  baUle 
are  like  those  of  the  muskrat. 

Adjoining  the  beavers'  inclosure  is  the  sea-hon  pool,  an  artifiriil 
basin  some  96  feet  long,  47  feet  wide,  and  6  feet  deep,  through  whi<^ 
fresh  water  constantly  Hows.  Visitors  often  ask  whether  these  ani- 
mala — in  a  wild  state  found  only  in  salt  water — can  properiy  thrive 
in  such  a  location.  There  has  been  no  difficulty  in  keeping  them  in 
good  health,  for,  being  air-breathing  creatures,  they  do  as  well  in 
fresh  water  as  in  salt,  provided  they  get  plenty  of  food  and  exerriee. 
Two  different  species  are  shown — the  California  sea  lion,  familiar 
to  those  who  have  visited  the  Cliff  House,  near  Oddea  Gale,  San 
Francisco,  and  the  northern  or  Steller  sea  hon,  a  larger  animal  foond 
principally  in  Bering  Sea.  The  California  species  emits  a  loud,  sbaip 
bark,  which  it  keeps  up  almost  iooessantly  and  which  reminds  one 
more  of  a  dog  than  a  lion,  while  the  northern  animal  makes  a  loaring 
noise,  remotely  resembling  that  of  a  Hon. 

Hiese  animals  swim  with  great  rapidity  and  ease  tbrou^out  the 
whole  extent  of  the  pool,  gamboling  and  playing  about  each  other, 
and  it  b  interesting  to  see  how  expert  they  »xo  in  seixing  the  fish 
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irtiich  are  thrown  to  them  as  food.  On  land  tiiey  are  olnmsy  and 
ftwkward,  pulling  themaelves  along  by  their  flippers,  which  resemble 
a  fish's  fin  rather  than  the  limbs  of  a  mammal,  which  they  really  are. 
When  they  wish  to  rest  they  seek  some  shelving  spot  on  the  gravel 
that  surrounds  Uie  pool  or  perhaps  crawl  into  the  house  of  piled 
bowlders  which  may  be  seen  at  the  lower  end.of  their  inclosure,  where 
there  is  a  plank  floor  and  shelves  on  which  they  may  he  in  quiet. 

Under  tjte  cliff  at  the  southern  limit  of  the  park  are  found  some 
near  relatives  of  the  sea  hons.  Here  is  a  fur  seal  from  Uie  Pribilof 
Islands,  the  animal  to  which  we  are  indebted  for  the  sealskin  used 
for  articles  of  apparel.  It  was  only  recently  that  it  was  found 
possible  to  keep  these  creatures  in  captivity.  This  one  was  taken 
fiom  its  mother  and  reared  on  a  nursing  bottle  Uke  a  baby.  For  a 
long  time  it  would  not  eat  the  fish  which  was  given  it,  but  now 
it  has  become  accustomed  to  that  diet.  It  is  one  of  the  most  grace- 
ful creatures  imaginable  when  swimming  in  a  tank  of  sufficient 
mze  to  show  its  evolutions;  but,  hke  the  sea  lion,  it  progresses  with 
some  difficulty  on  land.  The  fur  sea]  spends  the  winter  in  the  open 
ocean,  but  betakes  itself  to  certain  definite  localities  on  the  shore 
during  the  summer  and  autumn  for  the  purpose  of  rearing  its  young. 
When  the  time  for  this  migration  comes  the  seals,  in  vast  schools, 
swim  swiftly,  unswervingly,  often  hundreds  of  miles,  to  their  breeding 
place,  showing  that  "homing"  instinct  so  puzzling  to  naturalists. 

Next  are  several  harbor  seals  from  the  coast  of  Maine,  intelligent 
looking  little  animals,  with  faces  astonishingly  human  in  appearance. 
One  can  easily  conceive  that  the  fable-  of  the  mermaids  or  mermen 
might  arise  from  an  indistinct  view  of  these  creatures  through  fog 
or  mist. 

In  separate  inclosures  above  the  beaver  pen  are  found  the  otters, 
animals  that,  like  the  seal,  feed  upon  fish,  and  swim  to  catch  them 
with  great  rapidity  and  ease.  Unlike  the  seals  and  sea  lions,  they 
have  v^ell-developed  and  perfect  limbs  and  are  active  and  agile  upon 
land,  but  when  swimming  in  the  water  they  look  very  much  like  small 
harbor  seals.  They  are  very  playful  and  may  often  be  seen  swimming 
about  balancing  a  small  stone  or  pebble  on  their  heads.  Where  the 
ground  is  suitable  they  make  slides,  down  which  they  coast  into  the 
water,  and  they  also  do  this  in  winter  on  the  ice  and  snow.  They 
have  a  curious  habit  of  always  wetting  their  food  before  eatii^  it. 

In  captivity  otters  become  very  tame  and  readily  come  to  the  call 
of  their  keeper,  or  indeed  of  any  visitor.  They  are  so  active  that  it 
is  very  difficult  to  photograph  them.  They  have  a  strong  antipathy 
to  dogs  and  the  si^t  of  one  puts  them  immediately  in  a  rage.  Though 
comparatively  small,  they  are  quite  strong,  and  a  full-grown  otter  has 
been,  known  to  kill  a  dog  by  seizing  it  by  the  nose,  dragging  it  into  the 
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2.  Juvenal  Gull  Swallowinq  Fish  about  10  Inches  L^no, 

Google 


j,Goo>^lc 


j,Goo>^lc 


j,Goo>^lc 


j,Goo>^lc 


j,Goo>^lc 


j,Goo>^lc 


j,Goo>^lc 


j,Goo>^lc 


j,Goo>^lc 


j,Goo>^lc 


j,Goo>^lc 


j,Goo>^lc 


j,Goo>^lc 


j,Goo>^lc 


j,Goo>^lc 


j,Goo>^lc 


,BnbvG00>^le 


j,Goo>^lc 


j,Goo>^lc 


j,Goo>^lc 


j,Goo>^lc 


j,Goo>^lc 


j,Goo>^lc 


j,Goo>^lc 


j,Goo>^lc 


j,Goo>^lc 


j,Goo>^lc 


j,Goo>^lc 


j,Goo>^lc 


j,Goo>^lc 


j,Goo>^lc 


j,Goo>^lc 


j,Goo>^lc 


j,Goo>^lc 


j,Goo>^lc 


j,Goo>^lc 


HABITB  OF  THE  HEBBIKQ  OTTLL — STBOHO.  609 

17.  It  is  a  conunon  practice  of  these  birds  to  rinse  in  water  food 
of  uncertain  palatableness  or  when  it  is  dirty. 

18.  Some  evidence  was  obtained  concerning  tlie  use  of  nerves  of 
general  sensation  in  testing  food. 

19.  A  positive  reaction  is  shown  to  air  currents.  In  a  severe 
stonn  gulls  leave  the  ground  and  indulge  in  flight  maneuvers. 

20.  The  herrii^  gull  is  sensitive  to  extremes  in  temperatiure.  In 
very  cold  weather  the  feet  are  kept  protected  by  the  plumage  a  large 
portion  of  the  time. 

21.  There  is  a  lat^  amoimt  of  baUiing,  especially  in  hot  weather. 
In  very  cold  weather  no  water  seems  to  be  required  beyond  that 
present  in  the  food  obtained. 
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life  afaall  be  deetroyed,  latent  life  will  still  be  able  to  exist  for  a.  long 
tone  on  the  atirfsce  of  the  earth. 

Indeed,  at  that  momoit  th«re  will  be  found  realized  by  nature  the 
VBCQum,  dryness,  and  low  temperature,  the  three  conditions  neces- 
Buy  for  the  conservation  of  germs  which  we  have  obtained  simulta- 
neously in  our  experiments.  Upon  that  day,  on  this  frozen,  unin- 
hkbitabld  planet,  wandering  in  the  darkness  of  cosmic  space,  what 
will  become  of  tiie  stored  seeds,  and  c^s,  and  spores  1  If  the  planet 
abonld  be  captured  by  a  new  solar  system,  will  there  be  produced, 
under  the  action  of  new  radiations,  an  atmoephere  and  a  wakening 
of  latent  life,  the  beginning  of  a  new  evolution  of  b^ngd  t  If  this 
contingency  b  not  fulfilled,  and  the  planet  is  demolished  by  a  shock 
or  an  explosion,  will  its  debris,  chaiged  with  germs,  as  Lord  Kelvin 
believes,  bow  other  worlds  1 

For  my  part,  I  do  not  believe  so,. because  at  the  present  time  the 
study  of  meteorites  does  not  justly  this  conjecture.  And  it  is  a 
[Htf ,  because  latent  life,  which  is  a  true  Frovidaice  for  the  terrestrial 
conservation  of  bdngs,  would  have  been  the  best  means  that  nature 
oonld  have  employed  to  confer  on  certain  animal  and  v^etable 
Bpecies  a  sort  of  celestial  Immortality. 
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HittJtes,  by  mere  mutation,  but  it  seems  safer  to  explain  by  atavism 
and  by  A^tic  or  Alpine  origin  noses  like  those  of  the  late  Cardinal 
Newman,  Ralph  Waldo  Emerson,  or  Charles  Kingsley. 

So,  to  sum  up,  we  Bee  how  all  western  Asia  was  originally  inhabited 
by  a  homogeneous,  melanochroic  race,  'with  extreme  hypsi- 
brachycephaly  and  with  a  "Hittite"  nose.  About  4000  B.  C.  began 
a  Semitic  invasion  from  the  southeast,  probably  from  Arabia,  by 
people  looking  like  modem  Bedawy.  Two  thousand  years  latw 
commenced  a  second  invasion,  this  time  from  the  northwest,  by 
xanthochroous  and  long-headed  tribes  hke  the  modem  Kurds,  haU 
savage,  and  in  some  way  or  other,  perhaps,  connected  with  tho 
historic  Harri,  Amorites,  Tamehu,  and  Galatians. 

The  modem  "Turks,"  Greeks,  and  Jews  are,  all  three,  equally  com- 
posed of  these  three  elements,  the  Hittite,  the  Semitic,  and  the  xan- 
thochroous Nordic,  Not  so  the  Armenians  and  the  Persians.  They, 
and  BtiU  more  the  Druses,  Maronites,  and  the  smaller  sectarian 
groups  of  Syria  and  Asia  Minor,  represent  the  old  Hittite  element, 
and  are  httle,  or  not  at  aU,  influenced  by  the  somatic  characters  of 
alien  invaders. 

Combinations  of  philology  with  anthropology  have  in  former  times, 
especially  through  Friedrich  MdUer  and  his  school,  often  led  to 
serious  mistakes.  One  spoke  of  Aryan  races  instead  of  people  with 
Aryan  languages,  and  one  went  so  far  as  to  speak  of  Aryan  skuUs  and 
of  Aryan  eyes,  so  that  Max  Mdller  formally  protested  gainst  the 
intrusion  of  linguistics  into  ethnology,  stating  tiiat  one  might  just  as 
well  speak  of  a  brachycephalic  grammar  as  of  an  Aryan  skull. 

Still  there  is  a  solidarity  between  the  historical  sciences  and  natural 
history,  and  in  proof  of  this  sohdarity  I  have  ventured — in  the  spirit 
and  in  honor  of  Thomas  Henry  Huxley — to  give  argument  and 
evidence, 
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covered  witu  sand  mat  must  De  cleared  out  to  some  uniuiowii  deptb, 
and  close  to  the  tomple  there  was  a  very  high  mound  made  by  the 
excavations  of  Mariette.  This  pile  has  since  been  removed  by  the 
Service  of  Antiquities.  It  was  evident,  however,  that  we  could  not 
reach  the  Ostreion  until  we  had  the  necessary  funds  for  making  the 
excavation  on  a  large  scale.  So  we  did  not  work  during  the  winter 
of  1912.  One  can  judge  of  the  importance  of  the  excavation  from 
the  fact  that  to-day  we  have  639  workmen,  two-thirds  of  whom  are 
children  carrying  baskets.  It  is  the  greatest  work  that  the  Egypt 
Exploration  Fund  has  undertaken. 

On  December  23  we  were  installed  in  two  crude  brick  houses  built 
for  us  in  the  desert.  My  collaborators  that  year  were  Mr.  Whitte- 
more  of  Boston,  and  Messrs,  Wainwright  and  Gibson,  both  English- 
men. After  we  had  begun,  I  thought  that  beyond  the  door  discovered 
two  years  ago  we  might  reach  the  entrance  of  a  passage  leading  to  the 
subterranean  sanctuary,  consecrated  to  what  is  called  the  double  of 
Osiris;  that  is,  a  kind  of  bodyless  shadow  which  forms  part  of  the 


I  should  never  have  expected  to  see  what  we  really  unearthed. 
Between  the  doorway  with  enormous  hntels  and  the  temple  of  S6ti  I 
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tomb,  but  a  reservoir,  a  great  hydraulic  work.  TIus  shows  that  the 
ancients  well  understood  the  flow  of  subterranean  waters,  the  laws 
which  control  their  rise  and  fall.  It  is  very  probable  that  this  reser- 
voir played  some  r61e  in  the  worship  of  Osiria.  The  cells  are  perhaps 
those  which  appear  in  the  Book  of  the  Dead;  it  is  possible  also  that 
the  water  was  believed  to  have  a  curative  property  and  that  it  was 
of  service  to  invahds  who  came  there  to  seek  a  cure.  Did  the  barque 
of  Osiris  sometimes  float  on  this  reservoir,  towed  by  the  priests  who 
followed  the  footpath? — for  the  solar  barque  such  as  one  sees  in  the 
tombs  of  kings  was  always  pulled  along  by  a  tow  line,  stopping  at 
some  of  the  doors  or  chambers.  Such  are  the  questions  which  arise 
and  to  which  we  can  not  yet  reply. 

The  few  travelers  who  have  already  seen  the  reservoir  of  Abydos 
have  been  struck  with  the  grandeur  and  dignity  of  the  edifice,  in 
spite  of  the  ruined  condition  in  which  it  was  found.  Who  would 
have  thought  a  few  months  ago  that  at  10  meters  underground  there 
would  appear  a  structure  such  as  this,  surpassing  in  grandeur  the 
most  colossal  Cyclopean  edifices  ?  What  a  strange  country  this  Egypt 
is!  We  were  beginning  to  beUeve  that  we  had  fotmd  all  the  great 
structures  and  that  nothing  more  remained  to  be  discovered.  Who 
can  say  that  this  region  does  not  conceal  beneath  the  ground  some 
majestic  work  of  the  most  ancient  Egyptians  that  may  bring  sur- 
prises as  astonishing  as  those  of  Abydos  t 
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genio-glossus  muscle  is  capable — and  appeals  to  be  the  only  structure 
capable--of  exercisiiig  a  quick  aod  exact  contfoL  The  same  apphee 
to  the  vowels,  as  is  well  shown  in  the  accompanying  digrams  after 
Von  Meyer's  drawings.  Von  Mdyee,  however,  has  not  shown  the 
genio-glossus  muscle  in  action  as  it  is  shown  here,  and  indeed,  strangely 
enough,  does  not  give  it  a  word  of  mention  as  a  factor  in  articulate 
speech. 

It  is  worth  while  to  ta^  note  of  the  fact  that  practically  all  the 
speech  movements  of  the  tongue  take  place  in  the  neighborhood  of 
its  central  line,  and  that  the  sides  play  a  very  subordinate  part. 
Hence  the  other  extrinsic  muscles,  such  as  the  hypo-glossus  and 
stylo-^lossus  can  have  little  or  no  part  in  articulation.     (See  fig.  65.) 

Now  let  us  return  to  our  inferior  maxilla  and  examine  the  attach- 
mente  and  relations  of  the  genio-glossus.  It  is  obvious  that  for  quick, 
precise  movements,  such  as  those  demanded  by  articulate  speech, 
it  must  be  unhampered  and  have  plenty  of  room  to  act.  An  exami^ 
nation  of  the  arrangements  for  the  play  of  the  muscles  in  different 
animak  is  e»:eediii^y  instructive.  In  the  dog,  and  indeed  the 
majority  of  the  mammalia,  the  tongue  lies  flat  upon  the  lower  jaw- 
bone, leaving  practically  no  room  for  any  muscular  machinery.  If, 
however,  a  photi^Taph  of  a  plaster  cast  of  the  inner  surface  of  the 
wolf's  jaw  (see  fig.  48)  is  compared  with  that  of  the  baboon  (see 
figs.  60,  51),  which  outwardly  resembles  it,  a  remarkable  difference 
of  shape  is  evident. 

In  all  the  monkeys — and  even  lower  down  the  scale  among  the 
lemurs — we  find  that  nature  has  made  provision  for  working  room 
for  the  genio-^ossus  muscle  by  excavating  a  kind  of  pit  on  the  inner 
surface  of  the  mandible  beneath  the  tongue.  This  pit  has  been 
noticed  by  various  comparative  anatomists,  but  I  had  never  seen  any 
explanation  of  the  reason  why  it  exists,  nor  was  I  aware  of  its  func- 
tion, until  a  series  of  dissections  of  monkeys'  jaws  showed  in  every 
case  the  tiny  tendon  of  the  genio-glosBus  coming  from  the  lower 
surface  of  the  deepest  part  of  the  pit  (see  figs.  10,  63).  The  more 
dc^ke  the  jaw  is,  as  in  the  baboons — the  more,  in  fact,  it  corre- 
sponds in  general  outline  wUh  the  prevalent  type  of  the  mandtble 
among  the  lower  vertebrates — the  deeper  is  this  pit.  As  soon,  how- 
ever, as  the  mandible  begins  in  some  degree  to  resemble  our  own,  as 
in  some  chimpanzees  and  gibbons,  and  the  whole  lower  surface 
becomes  tilted  forward,  the  pit  seems  to  be  no  longer  needed,  and 
becomes  shallower.  One  may  as  well  remark  in  passing  that  it  is  of 
course  obvious  that  originally  the  genio-glossus  muscle  had  nothing 
whatever  to  do  with  articulate  speech.  Hie  need  it  met  in  the 
economy  of  lemurs  and  apes  was  probably  that  of  giving  increased 
mobibty  to  the  tongue  for  sorting  food  already  in  the  mouth.  This 
is  i^ainly  seen  when  we  give  a  monkey  a  nut  and  see  him  crack  it 
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When  Bp«ech  b^fan,  as  distinct  from  more  animal  stereotyped  ctub 
and  otJier  noises,  it  is,  of  couise,  impossible  to  say.  For  the  speech  <tf 
certain  low  savages,  consisting  of  grunts,  guttural  sounds,  and  clicks, 
it  is  fairly  obvious  that  few  tongue  movements  are  necessary;  but 
wherever  languages  have  become  more  elaborate — aod  muiy  of  them 
in  different  parts  of  the  world  appear  to  have  had  an  independent 
origin  from  more  brutelike  utterances — we  find  that  the  geoio- 
glossus  muscle  comes  more  and  more  into  play,  as  is  evidenced  by  its 
tubercles  of  attachment  and  by  the  forward  tilt  of  the  chin  to  ^n 
elbow  room  among  all  the  higher  races. 

The  speech  of  monkeys  is,  of  course,  a  myth,  and  most  of  o«t 
anthropoid  friends  are  curiously  silant  beings.  The  two  exceptkms 
appear  to  be  the  chimpanzee,  which  is  described  by  travelers  as 
shouting  and  calling  in  varied  tones  in  the  iotest,  and  certain  gibbons, 
which  appear  to  come  nearer  to  us  in  the  variety  of  articulate  utter- 
ances than  any  other  of  the  Primates.  From  the  series  of  plaster 
casta  shown  in  the  plates,  and  in  many  others  that  are  in  my  poaseesifai 
it  seems  to  become  evident  that,  speaking  generally,  the  genial 
tubercles  may  be  taken  as  some  index  of  social  and  intellectual 
development.  They  are  not,  of  course,  strictly  necessary  for  speech, 
but  it  is  clear,  both  from  anatomical  and  general  reasons,  that  they 
greatly  facilitate  speech. 

It  is  interesting  to  watch  their  development  in  the  normal  human 
subject  (see  figs.  30-32),  and  I  have  several  casts  which  iUustrate 
this  fairly  clearly.  In  all  yotmg  children  they  are  absent,  and  up  to 
the  age  of  14  years  they  make  but  a  small  show;  in  fact,  the  jaw  of  a 
child  of  14  years  almost  exactly  resembles  in  this  respect  that  of  a 
Bushman  or  Pygmy;  between  14  and  17,  however,  they  appear  to 
obtain  their  full  development.  How  far  that  development  is  depend- 
ent  upon  the  use  of  the  muscle  it  is  difficult  to  say;  my  own  belief  is 
that,  like  many  of  the  rou^messes  and  ridges  upon  our  bones,  th«r 
are  very  lai^ely  the  product  of  vigorous  muscular  action,  i.  e.,  nature 
has  met  the  obvious  need  of  the  muscle  by  altering  the  bone  in  t 
certain  specific  direction. 

For  many  years  I  have  been  endeavoring  to  get  evidence  as  to  the 
presence  or  absence  of  the  tubercles  in  deaf  mutes.  Such  as  I  hare, 
so  far  as  it  goes,  seems  to  show  that  in  adults  who  have  never  acquired 
articulate  speech  they  are  quite  absent.  (See  fig.  17.)  In  the  one 
specimen  I  have  from  a  deaf  mute,  the  bone  almost  exactty  resembles 
that  of  a  Bushman,  or  a  child  of  14. 

A  glance  over  the  pecuharities  of  the  tubercles  in  the  accompanying 
plates  shows  how  extraordinarily  variable  they  are  in  different  indi- 
viduals and  in  different  races  (see  figs.  34,  35),  but  before  any  safe 
ganaralized  conclusions  are  drawn  from  these  diveredties  one  ou^t  to 
have  many  thousands  before  one  for  oomparison.    It  seems  to  ns 
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quite  probable  that  this  would  prove  a  fruitful  line  of  research  for 
anyone  with  leisure  and  opportunity  to  follow  up;  for,  when  we  con- 
sider the  distinct  anatomical  problems  inTolved  in  the  pronouncing 
of  different  languages  it  seems  not  improbable  that  definite  structural 
peculiarities  might  become  appuvnt  in  accordance  with  the  tongue 
spoken.  We  know  that  it  is  practically  impossible  for  Europeans  to 
acquire  the  elaborate  tongue  and  throat  movements  of  not  a  few 
barbarous  languages,  and  it  would  be  extraordinary  indeed  if  this 
wide  diversity  in  muscular  function  did  not  leave  some  trace  which 
the  methods  of  the  anatomist  might  reveal. 

In  figure  42  is  reproduced  a  photograph  of  a  cast  from  part  of  the 
jawbone  of  O'Brien,  the  Irish  ^nt,  the  capture  of  whose  body  gave 
John  Hunter  so  much  trouble.  I  placed  it  there,  because  it  shows 
the  typical  arrangement  of  the  genial  tubercles  in  a  very  marked 
manner.  It  also  teUs  us  something  else,  which  I  think  is  not  a  httle 
instructive.  There  can  be  no  question  that  the  Irish  speak  our  lan- 
guage with  much  greater  correctness  and  precision  than  the  average 
Anglo-Saxon,  and  further  investigations  seemed  to  show  that  in  Irish 
jaws  there  was  a  fuller  development  of  the  genial  tubercles  than  in 
those  found  in  English  museums.  On  following  the  same  line  of 
research  a  httle  further  it  became  apparent  that  a  greater  symmetiy 
and  uniformity  of  the  development  of  the  genial  tubercles  was  to  be 
found  in  French  and  Italian  jaws  than  in  English.  This  seems  to  be 
a  matter  well  worth  following  up. 

A  few  other  suggestive  points  come  out  from  a  further  examination 
of  the  plaster  casta,  reproduced  in  the  plates,  which  have  no  very 
direct  bearing  upon  our  present  inquiry.  One,  for  instance,  ia  the 
obvious  kinship  between  certain  American  monkeys  and  the  lemurs, 
as  evidenced  by  the  dupUcated  pit.  (See  figs.  52,  53.)  In  nearly  all 
the  Old  World  apes  of  which  I  have  specimens  the  two  cavities 
appear  in  close  proximity  or  merged  into  one,  but  in  the  American 
monkeys  and  the  Madagascar  lemurs  they  are  generally  separated  by 
a  marked  interval.  The  lower  jaw  in  certain  highly  specialized  apes 
such  as  the  howler  and  proboscis  monkeyB,  appears  very  difficult  to 
interpret.  Here  again  a  more  extended  collection,  giving  oppor- 
tunities for  exact  comparative  methods,  would  be  certain  to  throw  a 
good  deal  of  light  on  what  is  at  present  a  subject  which  seems  to  have 
been  very  little  studied. 

Apart  from  these  by-products  of  the  inquiry  I  think  it  will  be 
acknowledged  that  many  of  the  facts  put  forward  in  this  article  go  far 
in  justifying  my  su^estion  that  the  chin,  which  is  so  marked  a 
characteristic  of  the  modem  human  mandible,  may  be  considered  part 
of  the  necessary  mechanism  of  articulate  speech. 
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2.— Various  Forms  of  Modern  Reflectors  and  Gi-obes. 


1— Typical  Stock  Fixtures  of  a  Decade  Aao. 


2.— Modern  FixTunea. 
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motdng  trade,  and  have  had  recourse  to  display  street  lighting  to 
Bup(tlement  the  lighting  provided  by  the  city.  Thus,  tungsten  clus- 
ter lighting  has  been  installed  in  many  cities,  particularly  the  smaller 
cities  of  the  country,  with  a  very  beneficial  effect  upon  street  lighting 
as  a  whole.  More  recently  a  competitive  form  of  illumination,  known 
as  the  ornamental  arc  lamp  system,  in  which  an  inverted  arc  lamp 
is  employed,  has  commanded  much  attention  and  is  ezperiencing 
notable  growth.  General  civic  street  lighting  is  improving  alowly, 
the  average  standard  of  intensities  being  increased,  and  somewhat 
better  design  of  the  illuminanta  and  systems  being  noted  in  the  more 
recent  installations. 

There  is  some  little  development  in  the  way  of  lighting  exteriors  of 
buildings.  Outline  lighting  of  expositions  was  first  carried  out  in  a 
notable  manner  at  the  Columbian  Exposition  in  1893,  attaining  per^ 
haps  its  highest  development  at  the  Pan-American  Exposition  in 
BufTalo  in  1901.  The  Jamestown  Exposition  struck  a  new  note  in 
lighting  building  exteriors,  and  in  the  Panama-Pacific  International 
Exposition  in  Son  Francisco,  1915,  we  are  promised  a  fuller  develop- 
ment of  the  fighting  of  buildings  by  conceited  sources. 

These  occasional  remarkable  installations  are,  of  course,  few  in 
number.  There  is  no  general  tendency  to  light  the  exteriors  of 
buildings,  though  a  few  creditable  attempts  have  been  made  in  this 
direction. 

PEOGEESS  IN  ILLUMINATION. 

Having  reviewed  briefly  the  recent  developments  in  the  field  of 
illumination,  allow  me  to  direct  your  attention  briefly  to  the  subject 
of  progress  and  to 
the  forces  which 
have  been  respon- 
sible for  improve- 
ments in  the  past 
and  to  which  we 
must  look  for  fur- 
ther development. 

The  illtunination 
which  is  provided 
depends  not  only 
upon  the  status  of 
the  art  but  also 
upon  tiie  degree  to 

which  practice  con-  j„_  ^ 

forms  with  the  art. 

It  has  been  stated  that  the  art  of  illumination  is  improved  as  the 
materials  of  illumination  are  bettered  and  as  the  science  of  illumina- 
tion '3  advuiced.  It  may  now  bo  added  that  illuminating  practice 
is  improved  as  individuals,  manufacturers  in  the  lighting  field,  con- 
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Seeing,  then,  that  fflmilar  objects  to  tiieae  are  found  amongst  the 
lake  dwellers*  relics,  it  is  reasonable  to  conclude  that  they  were  used 
for  the  same  purpose,  and  that  the  form  of  the  prehistoric  loom  wu 
the  same  as  that  of  the  looms  of  a  latw  period  of  which  we  have 

r^reaentatiouB. 

Amongst  the  Tsae 

paintings  of  andeat 

Greece  only  fonr 

representations  of 

the  loom  are  found. 

Two  of  these  are 

"'°*"         rough  though  ei- 

pressive    caricatuRe 

painted  on  JBootian  pottery.    The  loom  in  each  of  these  sketches  is 

very  definite  and,  as  far  as  it  goes,  evidently  correct  in  detaiL    One 

of  these  painted  pots  is  in  the  Bodl^an  Museum  at  Oxford,  and  the 

other,  of  which  I  have  a  photograph,  is  in  the  British  Museum. 

The  subject  of  the  painting  is  Kirke  presenting  the  noxious  potioa 
to  Odysseus  (fig.  7). 
The  loom  is  simply 
a  pair  of  upright 
posts  with  a  cross- 
piece  joining  them 
together  at  the  top. 
BeneatJi  the  cross- 
piece  is  a  roUer  or 
beam  on  which  the 
cloth  is  wound  as  it 
is  woven.    The  un- 
woven warp  is  seen 
hanging  nearly  to 
the  ground,  where  it 
appears  to  terminate 
in  two  rows  of  cir- 
cular weights.  These         r<«.8-P«»lop.-«loom.  . 
weights  keep  the 
warp  threads  taut,  and  two  sticks  intersect  the  threads  in  order  to 
retain  the  cross  between  them  alternately,  so  keeping  the  warp  from 
entanglement  and  preserving  an  opening  for  the  passing  and  inter- 
lacing of  the  weft    In  the  Oxford  vaae  the  weft  is  shown  wound  on 
a  kind  of  mesh  such  as  is  used  in  the  making  of  nets. 

Figure  8  is  copied  from  a  beautiful  Greek  vase  painting.  Its  date 
is  about  800  B.  C.  This  is  a  much  more  careful  and  elaborate  paint- 
ing, bat  it  tells  little  more  about  the  loc«n  and  its  arrangement.  The 
loom  is  of  the  same  simple  construction,  but  all  the  parts  are  more 
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carefully  drawn  and  the  pattern  of  the  web — a  highly  ornamental 
one — is  distinctly  shown.  There  are  also  pegs  on  the  top  crosspiece 
of  the  loom  on  which  spare  balls  of  different-colored  weft  are  kept 
handy  for  use.  Spare  warp  was  also  probably  hung  from  them  at 
the  tnck  of  the  loom. 

The  weights  at  the  bottom  of  the  loom  in  this  case  are  of  a  conical 
shape,  Yery  much  like  those  found  in  Switzerland.    There  is  also  at 
the  back  of  the  loom  another  stick  or  beam,  which  is,  I  believe,  for 
the  purpose  of  holding  the  length  of  unwoven  warp  before  it  passes 
through  the  holes  in  the  weights  at  the  bottom  of  the  loom.    The 
loose  back  threads  are  not  shown  in  the  paint- 
ing, but  the  roll  of  clolii  upon  the  beam  indi- 
cates that  more  than  a  loom's  length  of  warp 
is  being  manipulated.     Probably  the  artist 
shirked  the  difficulty  of  representing  these 
back  threads,  and  so  made  the  front  ones 
appear  to  terminate  at  the  weights. 

This  painting  is  particularly  interesting,  be- 
cause it  shows  unmistakably  that  the  elaborate 
pattern  webs,  which  the  classic  poets  so  often 
referred  to,  were  woven  on  the  simplest  of 
looms  by  skillful  handicraft,  not  by  means  of 
oompUcated  machinery,  as  some  have  sup* 
posed.  In  proof  of  this,  if  you  will  notice  the 
border  of  grotesque  creatures  which  Penelope 
has  just  woven,  you  will  recognize  its  likeness 
to  the  pattern  on  the  robe  of  a  processional 
figure,  copied  from  another  vase  painting  of 
the  same  period,  which  is  tbesubject  of  figure  9.         „°j  '7pro„  «*oreek 

On  a  tiny  vase  in  the  British  Museum  there  '"•  p«intin|.  soo 
is  a  slight  sketch  of  a  lady  weaving  on  a  small 

frame,  which  she  holds  on  her  lap.'  In  this  case  the  strings  of  warp 
are  merely  stretched  on  the  frame,  and  there  are  no  loom  weights. 
There  is,  however,  a  peculiarity  in  the  method  of  working  depicted 
which  unmistakably  links  this  diminutive  loom  with  those  of  Kirke 
and  Penelope,  as  we  shall  presently  see. 

Olaf  Olafsen,  in  a  work  on  Iceland,  published  in  Amsterdam  in 
1780,  gives  an  illustration  and  accoimt  of  a  traditional  loom  still  used 
at  his  time  in  that  country.  There  are  two  or  three  more  or  less  im- 
perfect copies  of  Olafsen's  drawing  in  English  books  which  show 
the  striking  points  of  resemblance  this  loom  bears  to  Qte  looms  of 
ancient  Greece.' 

<  GaUei?  o(  Oteek  ud  Sonun  ui«,  B.  M. 

'One  of  tb«a«  U  ui  UliutraUoD  Co  Uw  arttdB  "  Tela,"  In  Bmltb'B  "  DIetlaBaiT  of  GrMK 
and  Bomaii  Antli)Dltl«i." 
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•a.  15,— Eqyptian  Tapestrv. 

(Cairo  Uiueum.    2000  b.  c) 


Fio.  1 7— ESVPTO-ROMAN  Tapesthv  PaneI- 

( Victoria  HDd  Albert  Uiueum.) 
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Fig.  18.— The  Persian  Cope. 
(Victoria  Bdd  Albeit  Museum.) 


FiQ.  1 9.— Portion  of  *  Brussels  Tapestry. 
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of  a  little  oontriTance  called  a  flier  and  bobbin  attachment  to  the 
spindle. 

The  first  historic  hint  we  have  of  this  invention  is  from  a  drawing 
in  one  of  the  sketchbooks  of  the  great  artist-craftsman,  I.«onardo  da 
Vinci.  But  it  was  not  until  nearly  a  century  after  his  death,  which 
took  place  in  1519,  that  the  spinning  wheel  with  this  clever  attach- 
ment came  into  general  use. 

Figure  22  shows  Leonardo's  drawing  and  the  later  spinuing- 
machine  attachments  which  have  been  derived  from  it. 

In  Leonardo's  drawing  No.  1  is  called  the  flier.  It  is  flrmly  fixed 
on  the  end  of  a  ^aft  or  spindle  No.  2  A  and  2  B.  No.  3  is  a  small 
pulley  also  firmly  fixed  to  the 
spindle  between  the  bearings 
C  and  D.  Wh«t  this  pulley  is 
made  to  revolve  very  rapidly, 
by  means  of  a  cord  or  belt 
from  a  large  wheel,  the  flier 
revolves  with  it  and  twists  the 
thread  which  is  passed 
throu^  the  hole  in  the  spin- 
dle at  No.  2  A. 

No.  4  is  another  pulley, 
rather  larger  than  No.  3. 
This  pulley  is  fixed  on  a  hol- 
low shaft,  which  extends  from  ■ 
the  pulley  to  Na  6.  In  the 
hollow  of  this  shaft  the  spin- 
dle can  freely  revolve,  and  on 
it  the  boblnn,  No.  6,  tightly 
fita. 

Now,  if  the  different-sized 
pulleys,  Nos.  3  and  4,  be  actu- 
ated by  cords  from  the  same  large  wheel,  the  flier  will  revolve  at  a 
greater  speed  than  the  bobbin,  the  difference  in  speed  being,  of 
course,  in  proportion  to  the  difference  in  size  of  the  pulleys. 

Tie  result  of  this  arrangement  will  be  that,  if  the  thread,  twisted 
by  the  revolation  of  the  spindle,  be  passed  throu^  the  eyes  in  the 
tlier,  as  in  the  drawing,  and  fastened  to  the  bobbin,  two  operatitms 
will  take  place:  (1)  The  thread  will  be  twisted  by  the  flier;  (2)  be- 
cause the  bobbin  revolves  at  less  speed  than  the  flier  the  thread  will 
be  gradually  wound  upon  the  bobbin. 

No.  7  appears  to  be  a  kind  of  fork  fixed  to  the  end  of  the  spindle. 
If  this  fork  were  pushed  to  the  right  the  eye  of  the  flier  could  be 
placed  at  any  part  of  the  bobbin,  so  as  to  spread  the  yarn  evenly 
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(BolUill  MDHUm.) 


Fro.  26.— Modern  Spinninq  Mule. 

(Dobson  &  Barlow,  Ltd.) 


Frai  27.— Rino-Spinkino  Machine. 

<Dob«>n  A  Btrlair,  LM.) 
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Tlie  sil^  fiber,  on  being  unwound  from  the  cocoon,  is  found  to  be 
a  continuous,  double  thread  of  about  the  four-thousandth  part  of  an 
inch  in  diameter.  It  takes  from 
eighty  to  a  huiidred  threads  of 
natural  silk  to  make  up  one 
thread  of  the  size  of  the  finest 
spun  flax.  It  may  be  well  under- 
stood, therefore,  that  special 
preparation  of  silk  thread  and 
specially  delicate  appliances  are 
necessary  for  weaving  it.  This 
necessity  proved  to  be,  as  is  pro- 
verbially the  case,  the  mother  of 
many  inventions,  and  there  can 
be  DO  doubt  it  is  from  the  ori^- 
nal  Chinese  weaving  appliances 
that  almost  all  succeeding  im- 
provements in  looms  and  loom 
^ttings  have  been  derived. 

In  order  to  describe  the  im- 
provements in  the  loom  required 
for  weaving  fine  silk,  reference 
must  be  made  to  figure  28,  which  ^"''  ' 
shows  a  primitive  loom  fitted  with 
a  heddle  rod  for  the  purpose  of  raising  the  threads  of  the  warp 
alternately  with  those  raised  by  the  shed  stick. 

Two  heddle  rods  in  an  up- 
right loom  would  be  no  great, 
if  any,  advantage;  but  if  the 
warp  be  placed  horizontally, 
tiie  manipulation  of  the  suc- 
cessive openings  for  the  weft 
is  much  more  convenient  for 
the  weaver,  who  sits  at  the 
end  of  the  warp  instead  of  in 
front  of  it. 

Figure  29  shows  a  very 
convenient  form  of  Indian 
loom  with  the  heddle  rods 
suspended  from  the  branch  of 
a  tree  and  having  the  heddle 
loops  connected  with  another  pair  of  rods  beneath  the  warp.  The 
lower  rods  have  strings  hanging  from  them,  each  terminating  in  a 
ring.    By  placing  one  of  his  great  toes  in  each  ring  the  weaver  can 


Fra.  29.— PrIiDltlTC  loom  (India,  etc.). 
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pull  down  either  set  of  loops  &t  Tvill  and  make  alternate  openings  for 
the  shuttle  carrying  the  weft.  His  hands  are  thus  left  free  to 
manipulate  the  buttle. 

The  addition  of  a  long  comb,  equal  in  length  to  the  width  of  the 
warp,  was  an  immense  improvement  to  the  loom.    The  divisions  in 
it  were  originally  made  of  split  reeds,  hence  it  was  called  the  reed, 
and  is  still  so  called,  although  the  divisions  are  now  always  made  of 
steel. 
The  effect  of  the  long  comb,  with  the  warp  threads  entered  in  it, 
swinging  in  its  heavy 
,  frame  {see  fig. 30),  wis 
not  only  that  the  weft 
was  beaten  together 
more  evenly  and  with 
less  individual  strain 
on  the  threads,  bnt  the 
width    of    the    woven 
web  was  kept  auto- 
matically the  same. 

Figure'31  is  a  longi- 
tudinal section  of  the 
essential  parts  of  a 
loom  at  the  point  of 
development  now  ar- 
rived at.  It  is  lettered 
for  reference.  A  is  the 
roller  on  which  the 
warp  ia  wound  in  the 
first  instance.  B  is  the 
roller  onto  which  the 
woven  cloth  passes. 
C  C  are  the  sticks  pre- 
■  serving  the  cross 
which  keeps  the  warp 
in  order.    D  is  one  of 

Pia.  30.— ThereedfltteaiDltsfrtme,  tWO  puUeys  suspended 

from  the  top  of  the 
loom  frame,  over  which  cords  pass  after  being  atbiched  to  the  ends 
of  the  top  laths  of  the  two  heddles.  At  E  are  two  treadles  which  are 
tied  to  the  lower  laths  of  the  heddles.  Between  the  heddles  and  B  the 
reed  ia  shown  suspended. 

One  treadle  is  represented  depressed.  This  has  pulled  down  one 
heddle  and  raised  the  other  in  consequence  of  the  cord  which  passes 
over  the  pulley  D.    This  movement  has  effected  an  opening  in  the 
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warp  at  F,  whit^  between  the  roller  B  and  the  reed  Is  wide  enough 
for  pasang  the  weft  through' 

The  successful  weaving  of  plain  silk  necessitates  a  development 
of  the  ]o(Hn  to  this  point.  It  is  therefore  reasonable  to  credit  the 
Chinese,  who  until  the  third  century  A.  D.  were  the  monopolists  of 
silk  and  silk  weaving,  with  all  these  essential  contrivances.  Subse- 
quently to  the  third  century  these  inventions  spread  through  the  East 
generally  and  finally  to  Enrope,  first  to  Spain  and  Italy,  then  to 
Franca,  Germany,  and  England.  It  is  remarkable  that  the  loom  of 
to-dsy,  on  which  the  very  best  silk  fabrics  are  woven,  shonld  in  all 
essential  points  be  the  same  as  the  looms  of  ancient  China. 


Fio.  31. — BectJon  of  opened  warp. 

Figure  32  (pi.  8)  is  from  a  sketch  I  drew  from  life  in  a  Bethnal 
Green  silk  weaver's  workshop  a  few  weeks  ago.  The  weaveress  is 
making  a  rich  black  satin,  which  will  be  all  but  perfect  when  it  is  cut 
out  of  the  loom,  and  will  require  no  after  artificial  finishing  to  make  it 
ready  for  sale.  The  loom  is  arranged  in  the  simple  manner  described, 
except  that  as  the  weaving  of  satin  requires  more  heddles  than  plain 
silk  eight  heddles  instead  of  two  only  are  shown. 

The  first  impression  given  by  figure  33,  which  is  a  diagram  of  an 
English  loom,  ia  <m»  of  sturdy  strength.  Strength  and  the  perfect 
adjustment  of  the  various  parts  of  the  lown  are  prime  requisites 
where  rapid  and  accurate  weaving  are  desired. 

Figure  34  (pi.  8)  is  from  a  manuscript  of  the  fourteenth  century 
and  represents  an  English  silk  weaver  of  the  period  at  his  loom. 
Whether  the  weaver  is  in  correct  costume  I  can  not  say,  but  the  loom 
and  its  fittings  are  quite  recognizable  and  like  the  loom  of  to-day, 
exc^it  for  their  slightneas. 
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The  loom  having  two  sets  of  heddles  shows  that  some  kind  of  pat- 
tern is  being  woven.  As,  however,  at  present  I  am  speaking  of  the 
loom  for  plain  or  satin  weaving,  the  second  set  of  heddles  need  not 
concern  us. 

When  the  warp  threads  are  very  coarse  and  few  in  number,  two 
heddles  are  sufficient  for  threading  the  warp,  but  when  fine  silk  fab- 
rics are  to  be  woven,  having  three  or  four  hundred  threads  to  an  inch, 
'  it  is  necessary  to  have  several  pairs  of  heddles  in  order  to  prevent 
the  leashes,  through  which  the  silk  is  threaded,  from  being  too 
crowded.  In  this  Chinese  loom  the  front  harness,  as  a  collection  of 
heddles  is  called,  consists  of  10  separate  heddles.  In  all  looms  the 
threads  of  the  warp  are  passed  through  the  eyes  in  the  leashes  of  the 
heddles  in  regular  order. 

The  first  thread  is  passed  through  the  first  leash  of  the  first  heddle, 
the  second  thread  through  the  first  leash  of  the  second  heddle,  then 
through  the  first  of  the 

-  o 

0) 


until 


Fio,  36. — Plan*  of  tle-np. 


third,  and  so  < 
all  are  filled. 

[The  lecturer  here 
drew  a  diagram  on  the 
blackboard  illustrating 
the  method  of  entering 
a  warp  in  the  harness.] 

To  manage  this  set 
of  10,  or  any  even  num- 
ber of  heddles,  only  2 
treadles  are  necessary 
for  plain  or  tabby  weav- 
ing. The  heddles  are 
first  joined  together  in  pairs  at  the  top,  each  pair  having  its  two 
separate  pulleys,  as  in  the  typical  English  loom.  (Fig.  33.)  The 
bottom  laths  of  the  first,  third,  fifth,  seventh,  and  ninth  heddles  are 
then  all  connected  with  one  treadle,  and  those  of  the  second,  fourth, 
sixth,  eighth,  and  tenth  heddles  are  joined  to  the  other  treadle. 

Now,  it  is  manifest  that  if  the  first  treadle  be  depressed  half  the 
warp,  consisting  of  the  first  and  all  the  odd-numbered  threads,  will 
be  drawn  down  and  the  second  and  all  the  even-numbered  threads 
will  be  drawn  up.  This  will  moke  the  same  opening  for  the  weft  as 
if  there  were  only  2  instead  of  10  heddles. 

In  order  to  make  this  quite  clear,  the  plan  and  tie-up  of  the  pattern, 
as  it  is  called,  is  given  at  figure  3C. 

This  arrangement  being  at  first  made  for  plain  tabby  weaving  of  a 
close  warp  of  fine  threads,  it  would  soon  be  discovered  that  by  in- 
creasing the  number  of  treadles  and  tying  them  to  the  heddles  in  dif- 
ferent ways  the  interlacements  of  warp  and  weft  might  be  varied 
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Fio.  32.— Bethnal  Green  Silk  Weaver. 

(From  ■  dratrlng  bj- the  Hutlioi. ) 


FiQ,  34.— English  Silk  Weaver,  Fourteenth  Century. 
(From  an  old  manuBcripi ' 
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Fio.  35.— Chinese  Silk-Weaver's  Loom. 
(AQcleBI  Cblaeae  dniTlDg.) 


FiQ.  39.-BETHNAL  Green  Weaving  Shop,  1911. 

(Fmm  B  drawing  by  tho  auUior.) 
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heddle  will  be  raised  and  the  second,  third,  and  fourth  heddlea  will 

sink,  thus  making  the  required  shed. 
These  are  typical  shedding  motirais.    AU  other  motions  are  based 

on  one  kind  or  the  other  of  these  types,  each  kind  having  its  advan- 
tages for  certain 

®  classes  of  weaving. 

I  have  already 
pointed  out  that 
such  patteroB  as 
those  of  figure  37, 
woven  of  single 
threads,  require  the 
thread  iteelf  to  be 
coarse  in  size  in 
order  to  show  as  de- 
signs. But  such  de- 
signs, woven  in  fine 
silk,  although  indis- 
tinguishable as  or- 
nament, have  a 
marked  effect  on  the 
appearance  of  the 
texture  of  the  web. 

The  Chinese  early 
discovered  this  fact, 
and  it  was  for  their 
various  beautiful 
and  rich  textures 
that  the  woven  siUts 
of  China  were  so 
much  prized  in  clas- 
sic times. 

Figure  40  repre- 
sents the  back  and 
front  surfaces  of  a 
square  of  silk  tex- 
tile, which  migbt 

have  been  woven  in  ancient  China  on  a  loom  fitted  up  as  I  have 

described.    It  would  require  16  heddles  and  16  treadles  to  weave  it. 

and  the  threads  are  so  fine  and  lie  so  closely  that  the  whcJe  piece 

shown  would  be  only  the  one-thousandth  part  of  a  square  inch  in  a» 
Looking  at  the  lower  square,  which  is  the  front  of  the  material,  it 

will  be  seen  that  the  surface  is  nearly  all  warp,  and  that  the  intw^ 

sections  of  the  weft  only  occur  at  intervals  of  16  spaces  each  wa;.    In 
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1.  40.— 8«tln  cloth  (nmcbenlargrt). 


j,Goo>^lc 


656  ANNUAL  EBFOEr  SUTFBSONIAK  JNBTIItmon,  1914. 

For  double  hamefis  weaving,  too,  the  leashee  of  the  heddlee  of  the 
front  harness  have  ao  important  peculiarity  which  must  be  described ; 
for,  though  simple,  it  plays  a  most  essential  part  in  all  pattern  «eav> 
ing  with  c(»npound  harness. 

In  this  class  of  weaving  each  warp  thread  passes  first  throogh  the 
eyes  of  the  figure  harness  and  then  through  those  of  the  front  harness, 
which  makes  the  ground.     Now,  if  both  harnesses  are  alike  fitted 
with  leashes  having  the  ordinary  short  eyes,  only  the  front  one  can 
affect  the  shed.     This  is  because  any  threads  raised  by  the  back 
harness  are  prevented  from  effectually  rising  in  the  reed  by  the  leadws 
of  the  front  harness. 
If,  however,  the  front  harness  eyes  are  made  long  enough  to  allow 
the  warp  threads  to  be  lifted,  the 
back  harness  will  be  free  to  affect 
the  shed  at  the  same  time  as  the 
front  harness,  or  to  affect  it  alter- 
nately as  may  be  required.    The 
diagram  (fig.  43)  will  malre  this 
clear. 

If,  now,  we  turn  again  to  figure 
42,  the  part  played  by  the  figure 
harness  can  readily  be  explained. 
The  points  to  notice  are:   (1) 
Two  extra  wefts  are  required  for 
weaving  in  the  design  which  has 
two  separate  colors  of  its  own; 
(2)  the  figure  is  formed  by  allow- 
ing the  colored  weft  in  certain 
places  to  pass  over  two  threads  of 
the  warp  instead  of  one:  (3)  the 
ir.o.«.-Do»Meh.n,™,e.vi,^.         necessity  for  five  heddles  in  the 
figure  harness  is  to  be  gathered  from  the  fact  that  five  differtmt  com- 
binations of  pairs  of  rising  threads  are  required  to  complete  the 
design ;  (4)  as  the  figure  throu^out  is  made  by  two  threads  rising 
together,  two  threads  together  ma;  be  entwed  in  each  eye  of  the 
figure  harness. 

If  this  explanation  is  clear,  it  is  only  necessary  to  add  that  in  silk 
weaving  not  only  2,  but  sometimes  as  many  as  20,  warp  threads  are 
entered  in  each  leash  eye  of  the  figure  harness.  Therefore,  it  ia 
evident  that  the  possible  scale  of  ornamentation  and  scope  for  the 
designer  are  immensely  increased.  For  instance,  this  figure  woven 
on  two  threads,  as  explained,  on  a  fine  silk  warp  of  400  threads  to  an 
inch,  would  only  occupy  the  sixteenth  of  an  inch  in  width  and  hugbt, 
but  if  20  threads  were  entered  together  in  each  lead  eye  of  the  figure 
harness  the  size  of  the  ornament  would  be  increased  10  diamet«n 
and  would  occupy  nearly  a  square  inch  of  surface. 
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boy  draws  it  down  snd  holds  it     The  result  of  this  is  that  the 
selected  lingoes  and  leashes  are  drawn  and  held  up. 

At  No.  2  three  sections  of  the  simple  are  shown  lettered  B,  C,  and 
D.  At  B  the  cords  are  at  rest.  At  C  some  cords  have  been  selected 
and  the  fork  inserted.  At  D  the  lever  has  been  pulled  over  and  the 
cords  drawn  over  with  it. 

Figure  47  shows  the  mechanical  drawboy,  a  machine  invented  in 
the  seventeenth  century  and  improved  during  the  eighteenth.  It  was 
attached  to  the  pulley  cords  of  the  loom,  on  which,  when  the  madiine 
was  used,  the  tie-up  of  the  design  was  made,  instead  of  on  the  simple. 

The  active  part 
of  this  machine  is 
the  pecker,  which 
by  means  of  two 
treadles  and  aomt 
little  mechanical 
arrangements  had 
two  movements: 

(1)  It  rocked 
from  side  to  side; 

(2)  it  moved,  as  it 
rocked,  along  tho 
ma(diine  from  one 
end  to  the  other. 

Through  holes 
in  the  side  cross- 
pieces  of  the 
frame  strong 
cords  terminating 
in  heavy  weights 
were  hung.  To 
the  tops  of  these 

Fio.  47.-The  m«4.nk.l  dnLWboj.  «°"^  *«  lo°I«  .«* 

each  row  of  tie- 
ups  were  attached  in  regular  succession.  Only  two  rows  are  shown 
connected  in  the  diagram  to  prevent  confusion  of  lines. 

The  pecker  had  a  deep  notch  cut  in  its  points  and  was  of  such  a 
size  that  as  it  rocked  the  cord  toward  which  it  inclined  cau^t  in 
the  notch.  At  the  center  of  the  cord  a  large  bead  was  fixed.  When 
the  rocking  pecker  came  in  contact  with  this  bead  it  pushed  it  and 
its  cord  down  and  held  it  until  the  second  treadle  moved  the  pecker 
in  the  opposite  direction. 

As  the  pecker  traveled  altuig  the  shaft  each  cord  was  drawn  down 
in  its  turn,  thus  opening  the  shed,  line  by  line,  for  the  working  oat 
of  the  pattern.  .  , 
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into  England  and  secretly  set  ap.  In  spite  of  much  opporation  they 
soon  came  into  general  use,  first  and  particularly  for  hand  looms  and 
sUk  ireaTing,  but  afterwards  for  power  looms,  all  kinds  of  fancy  and 
ornamental  vebs  being  since  their  adoptim  woven  hy  t^eir  means. 

May  I  here  repeat  and  emphasize  that  the  invention  of  the  Jacqnard 
machine  did  not  alter  in  the  least  the  draw-loom  method  of  pattern 
weaving?  It  only  took  the  place  of  the  drawboy  and  the  pulley 
box,  and  substituted  the  endless  band  of  perforated  cards  for  the 
weaver's  tie-up. 

The  designs,  too,  drafted  on  ruled  paper,  wonid  be  worked  out 
in  precisely  the  same  manner,  whether  for  tying  up  on  the  cords  of 
a  simple  or  for  punching  in  a 
set  of  Jacquard  cards.  Eadi 
card,  in  fact,  takes  the  place 
of  one  row  of  loops  of  tlie 
tie-up. 

The  term  Jacquard  weaving, 
then,  which  one  so  often  bears 
used,  is  a  misnomer.    It  should 
be  draw-loom  weaving  with  a 
Jacquard    machine,  the  ma- 
chine being  only  an  ingenious 
substitute  for  a  less  compact 
and   manageable   adjunct  of 
the  draw  loom,  an   adjunct, 
moreover,  which,  as  we  have 
seen,  has  continually  varied  from  the  time  of  the  invention  of  this 
form  of  loom.    After  the  draw  loom  itself  I  should  class  the  Jacquard 
machine  as  the  most  important  invention  in  textile  mechanism.    It 
therefore  claims  a  careful  description. 

Figure  49  is  a  drawing  of  the  front  elevation  of  a  400  Jacquard 
machine.  The  number  400  refers  to  the  number  of  needles  and  hooks 
with  which  the  machine  is  fitted  up.  These  needles  and  books  an- 
swer to  the  number  of  the  simple  cords  of  the  draw  loom.  A  deagn 
19  still  technically  spoken  of  as  being  drafted  for  so  many  cords. 

TTie  position  of  the  machine  in  the  loom  is  at  the  top,  where  it  is 
fixed  on  a  solid  frame  just  over  the  cCHnber  board,  usually  with  its  end 
to  the  front  of  the  loom,  so  that  the  elevation  shown  tn  the  figure  is 
parallel  with  the  side  of  the  loom  frame. 

The  machine  frame  is  oblong  in  shape.  It  is  made  of  hardwood 
for  hand  looms  and  of  iron  for  power  looms.  But  in  either  case  it 
needs  to  be  of  great  strength.  To  the  principal  frame  a  smaller  oh 
is  hinged  at  the  top,  so  that  it  can  be  raised  tike  a  flap. 
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Kov,  let  US  look  at  tlie  block  in  the  drawing  of  tlie  front  devstioD 
(fig.  49)  and  then  at  a  drawing  showing  the  block  in  detail,  separately. 
The  lever  for  raising  the  block,  being  extended  to  a  coDveoknt 
length,  is  connected  by  a  rope  to  a  treadle  worked  by  the  weaver's 
foot  in  the  hand  loom,  or  by  any  ordinary  mechanical  arrangement 
in  the  power  loom. 

Figure  52  gives  us  details  of  the  block  (1)  as  seen  in  front  eleva- 
tion; (2)  from  above ;  and  (3)  from  the  end. 

The  block,  tlie  lever,  and  the  arrangements  for  aliHing  op  and 
down  are  already  explained.  But  hanging  irxaa  the  block  is  a  kind 
of  gridiron,  called  by  the  weaver  a  "  griffe,"  which  requires  careful 
notice.  Near  each  end  of  the  block  a  flat  i^te  of  iron  is  firmly  fixed. 
The  shape  of  the  plate  is  shown  at  No.  3,  and  betwe^i  the  plates, 
eight  bars  of  hoop  iron  are  fitted,  as  at  Na  2.  These  bars  are  placed 
diagMially  (see  No.  3) 
^)  ill,  '^<^  their  top  edges  are 

sharpened  so  as  to  fit 
under  the  carefully  made 
small  ho<^  at  the  top 
ends  of  the  upri^t  wires 
86  they  stand  in  their  sev- 
eral rows. 

The  first  section  of  fig- 
ure 50  diows  the  block  at 

Fia^S.-Det.l].  ot  tb«  Mock  of  >  JaoiD.rd  macbtne.       i*«    lowtsl    podtion,    with 

the  hooks  caught  on  the 
bars  of  the  griffe.  Should  the  block  now  be  raised  the  whole  of 
the  100  hooks  will  be  drawn  up  and  the  whole  warp  will  rise  with 
them.  When  released,  of  course,  all  will  fall  together,  pulled  down 
by  the  lead  weights.  Again,  if  the  projecting  ends  of  the  needles 
are  pushed  inward,  the  needle  eyes  vnU  deflect  the  hooks  and  remove 
them  from  the  griffe,  which  will  then,  if  the  block  be  raised,  rise  by 
itself,  leaving  the  hooks,  leasfaes,  and  warp  all  down,  as  in  aectl<Hi  2. 

In  section  2  the  points  of  the  needles  are  seen  to  pass  through  and 
project  beyond  the  surface  of  an  accurately  perforated  board  fixed 
to  the  front  of  the  machine  frame  opposite  the  needles.  Hung  in  the 
frame,  hinged  to  the  top  of  the  machine,  is  a  four-sided  revolving 
'  bar,  or  cylinder,  each  side  being  perforated  so  as  to  match  exactly 
the  perforaticHis  of  the  needle  board. 

If  the  flap,  with  the  cylinder  in  it,  be  pressed  against  the  board, 
and  the  block  raised,  nothing  different  will  happen,  because  the  points 
of  the  needles  will  have  been  free  to  enter  the  holes  in  the  cylindo*. 
If,  however,  a  card  covering  all  the  holes  be  fixed  to  one  side  of  the 
cylinder  and  the  cylinder  then  be  brought  close  up,  presenting  each 
side  in  regular  succession,  every  time  the  card  comes  in  contact  witii 
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the  needle  points  the  needles  will  be  pressed  inward,  push  the  h<K^ 
off  the  bars  of  the  griffe,  and  the  block  will  rise  witiioat  them. 

It  follows,  tb«i,  that  if  we  interpose  between  the  needle  points  and 
the  side  of  the  t^linder,  as  it  presses  the  needle  board,  a  card  per- 
forated according  to  an  arranged  design,  wherever  a  hole  is  covered 
by  the  card  a  needle  will  be  pressed  in,  and  consequently  a  hook  will 
be  pushed  off  the  griffe  bar  and  left  down  as  the  block  rises. 

Each  card,  therefore,  affects,  in  one  way  or  another,  every  hook 
in  the  machine  with  its  necking  cords  and  leashes;  and  these,  of 
course,  determine  the  rising  or  remaining  down  of  every  thread  of 
the  warp  from  edge  to  edge  of  the  web. 

At  the  back  of  the  machine  a  shallow  box  is  fitted,  containing  400 
small  spiral  springs,  one  for  each  needle.  When,  therefore,  any 
needle  is  pressed  inward  by  the 
card  on  the  cylinder,  its  oppo- 
site end  is  forced  into  the  spring 
box,  but  as  soon  as  the  pressure 
is  relaxed  ihe  needle,  driven 
back  by  the  spring,  regains  its 
normal  position,  holding  the 
hook  upright.  '  ' 

The  mechanical  contrivances  ® 

by  means  of  which  the  cylinder  !"~"Z!"!!"™1.  '1"!.™!..'™!"! 

is  moved,  pressed  against  the 

needle  board  and  rotated  as  the  ® . 

block  rises  and  descends,  are  I" '.  \.Z 1L.„1.'1» 

most  ingenions,  and  subject  to 

a  great  deal  of  rariati(Hi.    They  P _ __. , 

are,  however,  not  essential  to  [a.......... ' — -..  »l 

the  principles  of  the  machine        fio.  08.w«cqu.rd  binder  wa  «ram 
and  can  be  passed  over.     But 

the  method  by  which  the  perforated  cards  are  adjusted  to  the  cylin- 
der and  interpose  between  it  and  the  needle  board  must  be  explained. 

Figure  53  shows  a  detached  cylinder  and  four  cards  punched  with 
a  pattern  called  a  four-lined  twill.  This  pattern  repeats  on  every 
four  lines;  accordingly  only  four  cards  are  needed  to  weave  it.  At 
the  Mids  of  the  cylinder,  close  to  the  perforations,  pegs  are  fixed  and 
holes  matching  these  pegs  in  size  and  position  are  punched  in  the 
cards.  These  pegs  hold  the  card  in  its  proper  place,  so  that  its  per- 
forations correspcmd  exactly  with  those  of  the  cylinder. 

Each  fflde  of  the  cylinder  as  it  rotates,  being  covered  with  a  card 
held  close  to  it  by  two  elastic  bands  will  press  against  a  different  set 
of  needles  at  each  of  its  four  movements.  The  fiftti  movement,  of 
course,  brings  the  first  set  of  needles  again  into  play.  When,  how- 
ever, as  is  generally  the  case,  more  than  four  )^ — *  '---va  are  re-,| 
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getber,  aiid  to  wind  up  the  'woven  cloth.  All  these,  except  the  second, 
are  comparative!;  easy  to  arrange  for,  even  in  broad  weaving,  b; 
means  of  a  power-driven  turning  shaft  furnished  with  cranks  and  ec- 
centrics, fitted  up  in  some  convenient  position  in  the  loom.  In  narrow 
weaving  the  spaces  of  warp  are  so  small  that  the  passing  throogfa 
of  the  several  shuttles  presents  no  difficulty ;  consequently  the  inven- 
tion of  a  practical  automatic  machine  loom  for  narrow  weaving  was 
an  early  one. 

Many  attempts  were  made  in  the  seventeenth  and  early  part  of  the 
eighteenth  century  to  weave  broad  webs  by  power,  but  they  all  failed 
to  solve  the  problem  of  the  shuttle.     It  has  been  partially  overcome 
since,  but  the  great  defect  of  the  machine  loom  to-day  is  in  the  driv- 
ing and  catching  of  the  shuttle. 

The  invention  which  partially  solved 
the  difficulty  and  eventually  rendered 
the  machine  loom  practicable  was  the  fiy 
shuttle,  intended  by  John  Kay,  its  in- 
ventor, for  use  on  the  hand  loom.  Its 
purpose  was  to  enable  the  weaver  to 
weave,  without  the  aid  of  an  assistant, 
wider  webs  than  he  could  manipulate 
with  the  hand  shuttle. 

Figure  57  represents  the  batton  used 
for  the  fly  shuttle  and  should  be  com- 
pared with  the  hand  shuttle  (fig.  56). 

The  difference  between  hand  shuttling 
and  fly  shuttling  can  almost  be  distin- 
guished by  comparing  the  two  shuttles 
used.  The  hand  shuttle  is  slightly 
curved  and  adapted  nicely  to  the  posi- 
tion of  the  weaver's  fingers.  The  fly  shuttle,  on  the  contrary,  is 
rigidly  straight,  so  that  it  flies  along  in  front  of  the  reed,  without  any 
bias,  from  one  end  of  the  race  to  the  other. 

Comparing  the  b&ttons,  it  is  seen  that  the  race  block  of  the  fly- 
shuttle  batton  is  elongated  at  the  ends.  On  these  ends  the  shuttle  can 
stand  clear  of  the  cloth  which  ia  being  woven,  and  which  is,  of  course, 
never  wider  than  the  reed. 

These  elongated  ends  have  a  bar  of  wood  so  flzed  in  the  front  that 
there  is  just  room  for  the  shuttle  to  run  in  and  rest  between  it  and 
the  back  of  the  shuttle  box,  as  the  elongated  end  is  called. 

Above  the  shuttle  there  is  a  thin,  smooth  iron  bar,  and  on  this  the 
driver  (enlarged  at  F),  made  of  tou^  leather,  is  fitted  so  that  it  will 
easily  slip  from  end  to  end  of  the  box.  Both  boxes  are  famished 
with  drivers  and  are  fitted  up  in  exactly  the  same  manner.    The  two 
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Having  settled  on  a  general  form  snitable  for  the  power  loom, 
iiiTentois  next  directed  their  attention  to  strengthening  it  and  per- 
fecting, as  fu*  as  they  coold,  its  various  parts.  Take-up  motitms, 
contrivances  for  detecting  broken  threads,  quickly  stopping  the  loom, 
throwing  the  shuttle,  etc.,  occupied  their  attention,  and  the  loom 
became  more  and  more  accurate 
in  ite  different  performances  as 
time  went  on. 

Iron  took  the  place  of  wood 
all  through  the  machine  and 
the  loom,  actuated  by  steam 
power,  has  by  now  become,  ex- 
cept in  the  matter  of  working 
the  shuttle,  a  very  perfect  auto- 
matic machine. 

Figure  62  (pi.  11)  tsamodem  steam  machine  loom  for  weaving  silk. 
Tou  wiU  notice  at  once  how  the  levers  for  driving  the  shuttle,  and  the 
idiQttle  boxes,  have  increased  in  size  and  strength.  It  was  found  that 
in  order  to  cateh  the  shuttle  and  prevent  it  rebounding  its  entry  into 
the  opposite  box  had  to  be  resisted.  This  rendered  it  necessary  that 
the  shuttle  itself  should  be  enormously  increased  in  weight,  and  that 
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ria.  69. — Horrocki'*  mtcbln*  loom.  Fia.  00. — Almond's  loom. 

great  force  should  be  used  in  driving  it  Half  the  power  expended 
in  actuating  the  machine  loom  is  required  thu^  to  drive  the  shuttle 
into  the  t^posite  opposing  box.  ■ 

The  addition  and  adaptation  of  the  Jacquard  machine  to  the  power 
loom  was  not  attempted  till  late  in  the  nineteenth  century,  but  when 
that  was  done  the  loom  had  arrived  at  Uw  point  of  de^lofOQeot  at  ■  ^ 
wjiich  we  find  it  to-day.  ,o 
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A  few  mon^s  ago  m;  attention  was  ealled  to  an  illnstmtioD  in  the 
M!ancliest«r  Gruardiao  which  represented  a  new  weaving  ioTentiim. 
and,  on  reading  the  description  of  it,  I  found  that  the  inventor- 
Mr.  Whalley,  of  Clitheroe — claimed  to  have  solved  the  problem  of 
the  shuttle,  which  I  have  pointed  out  has  been  the  chief  obstacle  in 
the  way  of  weaving  by  power. 

Figure  63  (pi.  11)  is  a  photograph  of  the  new  loom,  which  appears 
to  me  to  be  likely  to  revolutionize  the  construction  of  machines  for 
weaving  by  power. 

Although  at  £rst  sight  t^a  loom  seems  to  be  altogether  different 
from  previous  inventions,  an  examination  of  it  proves  that  in  most 
essential  points  the  tradition  of  weaving,  which  I  have  attempted  to 
explain,  still  governs  it.  Three  great  advantages  are  claimed  for 
it — (1)  it  is  practically  noiseless;  (2)  the  weft  has  no  jerk  or  strain 
upon  it;  (3)  very  little  power  is  required  to  drive  it.  In  addition  to 
this,  webs  of  between  11  and  12  feet  wide  are  woven  on  it. 

There  is  not  time  for  me  to  give  an  adequate  description  of  thu 
important  invention,  but  I  must  notice  its  salient  points,  and  show 
(1)  how  it  differs  from  the  ordinary  power  loom  and  (2)  bow  the 
traditional  principles  of  weaving  are  still  carried  on  in  it. 

First,  as  to  points.of  difference :  All  the  operations  of  the  loom  are 
worked  out  by  its  simply  turning  on  its  own  accurately  centered  axis. 

By  an  uninterrupted  circular  movement  in  one  direction  the  warp 
is  drawn  off  the  warp  beam,  the  shed  is  opened,  and  the  weft  inserted, 
the  weft  itself  is  gently  pressed  close  instead  of  being  beaten  together, 
and  the  woven  web  is  delivered  and  rolled  on  to  the  cloth  beam  with- 
out any  strain  or  jerk  whatever. 

There  is  no  shuttle,  A  case  for  the  flexible  cop  of  wound  weft 
takes  its  place.  The  cop  itself  is  of  enormous  length  and  holda  a 
hitherto  unheard-of  quantity  of  yam. 

While  the  whole  loom  and  its  fittings  revolve,  the  cop  case  remains 
stationary,  balanced  in  the  shed,  and  allows  the  weft  to  be  drawn  off 
it  continuously  in  one  direction,  as,  at  each  revolution,  the  succeaavB' 
sheds  are  opened.  This  forms,  of  course,  a  spiral  thread  in  the 
woven  cloth,  the  cloth  itself  being  produced  in  the  form  of  an  en(»- 
mous  tube.  As  the  cloth  passes  on  to  the  cloth  beam  an  autmnatic 
knife  cuts  it  at  a  place  where  specially  woven  doup  selvages  are  made. 

So  far  all  is  new.  The  rest  of  the  mechanlEiu  is  an  ingenious 
rearrangement  of  the  traditional  parts  of  a  loom.  The  description 
of  these  essratitl  parts  requires  a  diagram  of  a  section  of  the  loom, 
which  we  have  in  figpre  ,64. 

In  the  center  of  the  section  is  the  steel  axis,  which  rant  tbe  whole 
length  of  the  loom. 

The  perforated  comber  board,  instead  of  being  straight  aad  hui- 
zontal,  as  in  the  ordiilary  loom,  is  circular,  and  is  duplicated,  As 
holes  being  moat  accurately  pierced. ' 
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all,  it  establishes  in  school  practice  one  of  the  more  recent  educational 
discoTeries — the  necessity  of  leadership  in  play  from  infancy  to 
maturity  and  the  educational  superiority  of  leadership  in  play  to 
instruction  in  work.     It  bridges  the  gap  between  play  and  work. 

Therefore  the  play  school  may  be  defined  as  an  outdoor  school 
and  play  center  combined;  where  the  teacher's  interest  is  centered 
in  the  children  and  their  activities,  not  merely  in  subjecta  of  study; 
where  the  educational  efforts,  including  the  moral  and  social,  are  pat 
on  a  basis  of  practical  living  experience  radiating  into  the  whole 
environment;  and  where  children  are  considered  both  as  free  active 
agents  and  as  immature  social  creatures  requiring  aid,  social  control, 
and  discipline.  Instead  of  teaching  subjects  it  organizes  activities 
oat  of  which  subjects  develop,  as  they  have  in  racial  history.  The 
activities  organized  are  the  natural,  more  or  leas  distinct,  phases  of 
the  child's  complete  life.  The  usual  school  subjecta  develop  as 
phases  of  these  activities. 

In  spite  of  the  inclusiveness  of  this  ideal  the  play  school  plan  as 
presented  is  not  considered  an  invulnerable  or  perfected  solution  of 
the  elementary  school  problem.  No  school  scheme  can  be  perfect 
so  long  as  something  is  to  be  learned  about  child  nature,  or  so  long 
as  society  progresses,  and  no  individual  can  present  a  perfect  solu- 
tion. That  is  a  race  proUem.  But  the  plan  seems  to  meet  in  gen- 
eral the  fundamental  test  of  flexibility  for  progress  with  every 
advance  in  knowledge  of  child  nature,  education,  or  social  need. 
Again,  the  plan  is  not  presented  in  a  spirit  of  antagonism  toward  die 
public  school,  but  just  the  reverse.  The  widespread  discontent  with 
the  public  school  is  recc^ized,  and  my  idea  of  the  cause  of  tbis  dis- 
content  is  expressed.  The  plan  proposes  a  step  in  organization  and 
method  that  will  make  modem  ideals  and  tendencies  consistent  and 
efficient  in  educational  results  and  that  will  command  the  sympathy 
and  support  of  the  more  progressive  and  intelligent  parents  and 
teachers.  This  sympathy  and  support  are  essentiiJ  if  the  public 
school  is  to  fulfill  its  functions. 

The  play  school  is  not  even  presented  as  something  entirely  new. 
The  scheme  of  organization  and  interpretation  of  activities  are  new, 
at  least  in  form ;  and  the  extent  of  appUoation  of  the  idea  of  leader- 
ship and  the  degree  of  fusion  of  the  functions  of  the  child's  play 
center  and  the  school  are  new  in  emphasis.  Yet  the  educational 
efficiency  of  the  activities  has  been  demonstrated  in  niuneroiis 
schools,  in  modem  playgrounds,  and  in  boys'  and  girls'  organizations. 
The  whole  idea  has  been  approximated  in  many  private  efforts  and 
in  a  few  public  schools,  llie  convergence  toward  a  fusion  of  the 
school  and  play  center  is  seen,  on  the  one  hand,  in  the  tendency  of 
the  school  to  organize  the  play  life  of  the  child,  well  illustrated  at 
Qary,  Ind.,  and,  on  the  other  hand,  in  the  tendency  of  the  best  year- 
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round  pla^rounds  to  oiguiue  activities  that  are  usually  considered 
school  functions. 

Hy  own  ideas '  ha.v6  heea  tixe  product,  first  of  refonn-echool  work 
and  then  of  intimate  contact  with  the  educational  results  of  the  lower 
Bchools  throu^  yeaiB  of  college  teaching  and  experience  in  organizing 
play  and  recreation.  . 

While  tJte  essential  (demante  in  die  theory  of  the  play  school — 
nanwitjr,  the  identification  of  play  with  spontaneous  living,  and  edu- 
cation with  the  prooeaa  of  hving,  both  controlled  by  social  conditions 
and  depeodii^  in  results  on  leadership — are  as  sound  for  the  organi- 
sation of  secondary  and  higher  education  and  even  the  molding  of 
adult  sentiments  and  customs  as  for  the  organization  of  the  education 
of  infants  and  children,  yet  this  report  is  confined  to  the  latter  prob- 
lem, because  it  is  fundamentAl  to  tiie  rest  and  because  the  problems 
of  oi^anizing  activities  and  leadership  are  quite  different  after  the 
capacity  to  work  has  been  established. 

B.— DIVISIONS   OF  THE    REPORT. 

An  interpretation  of  the  goieral  theory  of  the  play  school,  a  descrip- 
tion and  explanation  of  its  activities  are  given  in  divisions  C  and  D, 
and  conedusions  concerning  the  demonstration  of  the  summer  <^  1913 
are  given  in  part  two  of  this  report  [here  omitted}. 

C. — INFLUENCES  DETERUININO  THE  OROANIZATION  OF  THE 
ELEHENTABY    SCHOOL. 

The  school  as  a  social  institution  and  the  school  process,  typified 
by  the  curriculum,  require  a  perpetual  reinterpretation  and  reorgani- 
zation corresponding  to  advancing  knowledge  of  child  nature  on  the 
one  hand,  and  the  demands  of  social  progress  on  the  other.  Since 
the  play  school  is  a  reinterpretation,  it  must  be  treated  from  both 
these  standpoints. 

1.  Child  Lifb  and  tbb  Educational  pBOcBas. 

(a)THK  CHILD'e  aPONTAMBirX  AND  FIAT. 

A  larger  interpretation  of  the  child's  nature,  especially  in  his  play 
life,  must  be  based  on  the  fact  that  he  is  not  merely  a  reflex  mecha- 
nism responding  to  external  stimuli,  but  a  spontaneously  active  crea- 
ture, driven  by  iotemal  needs  and  hungers  that  are  fundamental 
springs  of  conduct.    Hungering  for  activity,  experience,  and  expres- 

>  I  flnt  (ormuhCad  tb>  pli^-aclu'ol  icb«m«  u  &  scbool  lO'  subDctma]  cbildrca  tftsr  two  ; cm' vork  Ink 
JnvcntlercfiirniBtoiy,  andpresCDIcdlt  In  ISSe  while  a  fellow  in  Claik  tlnlverslt;  to  O,  SUaley  HkU.  Dr. 
B>Ul>t>4itttutaiiutb«otganiuttonDrsachBaah(nllti  Boaljiu,  bnt  <t  could  not  be  flouind.  LaUrl 
uaad  Uw  tenn  "  pl*f  srhool"  la  m;  unlrenll;  (ilenaion  of  phjskal  BducBllon  and  plsf  Id  Missouri,  eipad- 
ally  in  the  rampnfgn  for  thi  nreaniiallon  of  playpounds  under  the  school  boards  of  rural  town*  with  th« 
bop*  of  liuing  the  fanctkma  of  the  play  center  wttbtlu  school.  IlefttheUtilvenltTofllinourllMfOraur 
part  of  the  \itgu  Idra  ma  reajtied. 
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that  th»7  ^xall  take  it  secondhaDd.  At  one  extreme  there  develops 
a  group  of  individuals  having  the  capacity  to  acquire  large  masses 
of  book  learning  with  a  small  foundation  in  practical  experience;  ami 
at  the  other,  a  group  who  may  or  may  not  have  had  real  experience, 
but  who  have  a  contempt  for  books  and  no  realization  of  their  value 
SB  eesential  aids  in  living  or  as  sources  of  inspiration  for  a  higher 
adjustment. 

Modem  literature  on  teachuig  is  strewn  with  the  word  "motiva- 
tion." Every  effort  to  find  a  motive  for  an  activity  or  a  subject  of 
study  is  a  search  for  its  basis  in  a  hunger  or  instinct  which  underhes 
the  child's  spontaneous  life.  This  search  represents  generally  the 
attitude  of  the  adult,  with  an  adult's  interest,  trying  to  find  some  way 
of  attaching  that  interest  to  t^e  child's  native  tendencies.  It  illus- 
trates the  breadth  of  the  peychic  gap  between  the  teacher  and  the 
child  and  the  dominance  of  the  attitude  of  teaching  rather  than 
leading. 

Why  not  shift  the  problem  from  the  organization  of  "subjects  of 
study"  that  are  selected  products  of  racial  achievement,  to  the  oi^ani- 
zatioQ  of  the  child's  own  spontaneous  active  life;  from  the  attitude 
of  teaching  primarily  to  that  of  leading  (wliich  includes  teaching) ! 
Why  not  abandon  our  indifference  toward  tlie  child's  play  and  recog- 
nize it  as  complete  living,  from  his  viewpoint,  as  well  as  the  dominant 
source  of  all  educational  values?  Why  not  put  cm"  aims  and  our 
specialized  adult  interests  in  the  background  of  our  consciousness 
and  enter  into  the  child's  life  from  his  point  of  view,  meeting  his 
hunger  for  life  and  his  desire  for  leadership  with  the  resources  of  the 
adult  f  In  this  way  we  can  make  his  activities  a  source  of  inspiration 
to  bim  and  perfect  their  results  from  an  educational  standpoint. 
Does  not  this  attitude  complete  modem  tendencies  in  educational 
thought  t    Will  it  not  make  public  education  ef&cient  for  the  masses  t 

In  this  laiger  conception  of  education,  leadership  is  the  prime 
essential.  Teaching  is  but  a  part  of  the  leadership  for  which  the 
child's  hunger  is  as  conspicuous  as  his  hunger  for  eilucation.  He 
craves  life  intensely,  but  his  imagination  outruns  his  skill  and  judg- 
ment. His  resources  are  limited;  his  attention  is  fleeting;  his  enthu- 
siasm breaks  down.  He  must  have  leadership  if  his  activities  are  to 
be  satisfying  or  educationally  efficient.  Thou£^  he  rebels  at  domina- 
tion, he  constantly  appeals  for  help  in  finding  something  to  do  and  in 
achieving  his  desires;  and  when  leadership  is  given  and  accepted,  he 
will  submit  to  endless  direction,  and,  as  age  advances,  to  increasingly 
severe  discipline.  This  is  proven  daily  on  the  play  field  and  in  boys' 
and  girls'  clubs. 

By  entering  into  the  child's  life,  it  is  a  simple  matter  to  lead  him 
so  aa  to  loop  the  cultural  material  of  the  race  to  liiii  hungers  and  tiiUB 

78176*— SM  1914 14 

i:  ,       bGoO^^lc 


j,Goo>^lc 


j,Goo>^lc 


692  ANKUAL  BEPO&T  SMITHSONUN  IN8TITUTI0M,  18U. 

life  will  develop.  Adults  must  be  specialists  in  order  to  be  e 
and  they  must  stru^le  for  leisure  in  order  to  have  auy  degroe  of 
completeness  in  life.  Both  these  conditions  and  the  habits  of  adult 
life  flowing  out  of  them  are  foreign  to  child  nature  and  life.  So,  if 
the  influence  of  industrialism  continues,  the  gap  between  the  child 
and  adult  is  bound  to  widen.  Like  all  differentiations  in  the  oigank 
world,  the  greater  the  unhkeness  the  greator  wilt  be  the  interde- 
pendence. The  child  is  dependent  upon  adult  resources  and  orgui- 
izing  skill  in  order  that  he  may  have  life;  and  the  adult,  who  is  to 
be  the  product  of  this  child  life,  is  dependent  upon  the  child's  living 
his  complete  life.  The  failure  to  supply  that  complete  life  gives  oa 
adults  who  are  mere  cogs  in  the  wheel  of  a  complex  machine.  This 
is  the  social  educational  situation  even  now. 

Instead  of  the  home  and  its  immediate  environment  supplying 
practically  all  the  opportunities  for  the  child's  activities,  experiences, 
and  expression,  these  functions  are  now  divided  among  three  insti- 
tutions— the  home,  the  school,  and  the  play-center. 

The  home  is  still  the  center  of  domestic  life,  thou^  even  in  the 
best  homes  it  is  greatly  narrowed  in  its  educational  poasibihties. 
Many  homes  are  merely  places  in  which  to  sleep  and  eat.  Thougb 
they  still  have  great  educstiooal  influence,  their  educational  resourcee 
are  practically  nil. 

The  school  has  absorbed  an  increasing  amount  of  the  child's  timo, 
but  it  has  not,  except  in  a  feiw  cases  and  in  a  limited  way,  even 
attempted  to  supply  what  has  been  eliminated  from  child  life  by 
modem  social  changes.  As  a  prominent  educator  puts  it:  a  gener»- 
tion  ago,  a  boy  had  three  months'  schooling  and  nine  months  in 
which  to  get  an  education;  now  he  has  nine  months  schooling  and 
three  months  in  which  to  gain  an  education.  Actually,  the  situation 
is  even  worse;  since  during  the  three  months  ho  has  few  opportuiiitiM 
for  activities  thut  educate. 

The  public  playground  is  coming  to  fill  the  need  for  educatiooal 
activity  and  experience  otherwise  limited  by  a  physical  mviionmanl 
that  is  unnatural,  and  a  social  one  that  is  complex  and  speualisod. 
At  present  most  playgrounds  are  inefficient,  because  of  pubHc  ignor- 
ance as  to  their  functions  and  the  prevalence  of  poorly  trained 
directors. 

The  pubhc  playgroimd  is  a  child's  community  social  center,  aod 
it  should  supply  and  does  now  supply,  under  expert  play  directoiB,  not 
only  the  space,  equipment,  and  companionship  which  are  beyond  tha 
economic  and  social  resources  of  the  home,  but  tha  adult  leadaiahip 
that  is  essential. 

Experience  has  ahown  that  leadoship  is  the  first  essential  of  a 
successful  playground,  for  three  groups  of  reasons: 
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(1)  The  pla;)i^ound  is  a  democratic  institution  open  to  all  children; 
hence,  unless  directed,  apt  to  be  dominated  by  the  buUy  or  the  tough 
gang.  It  concentrat«8  the  bad  manners,  antagonisms,  and  vices  of 
children;  henco  it  is  apt  to  be  a  breeding  place  for  evil  unless  in 
chai^ge  of  a  director  who  is  trained  to  convert  these  very  tendencies 
into  sources  of  moral  discipline. 

(2)  The  playground  brings  leather  a  laige  nuacellaneous  group 
of  children  of  different  ages,  temperaments,  social  training,  and  habits 
of  play.  This  makes  the  play  organization  complex  and  beyond  the 
democratic  organizing  power  or  self-control  of  children.  The  play 
breaks  down  without  the  superior  skill  and  control  of  the  adult  leader 
who  may,  by  bridging  the  thfficulties  of  organization,  make  the  play- 
ground tike  most  efficient  agency  in  ezistance  for  training  in  demo- 
cratic citizenship. 

.  (3)  The  playground  is  an  institutional  center  for  child  life;  a  sub- 
stitute for  certain  educational  functions  of  the  home,  which  the 
home  can  no  longer  perform  adequately.  The  supervision  foimerly 
supphed  by  the  parents  in  activities  in  which  they  were  experts  can 
no  longer  be  supplied  in  the  new  activities.  Few  parents  can  be 
experts  in  child  nature  or  the  technique  of  a  vast  variety  of  activities 
that  satisfy '  the  pn^essive  educational  needs  of  children.  This 
function  must  be  taken  over  in  its  large  and  difficult  phases  by  the 
professional  trained  leader.  His  influence  should  radiate  from  his 
center  of  business  into  the  surrounding  community,  the  home,  and 
the  school.  Since  the  playground  is  a  laboratory  of  conduct  and  its 
actiTities  are  the  foundation  for  a  modern  democratic  system  of 
moral  education,  the  director  becomes  the  main  influence  for  effi- 
ciency in  this  highest  phase  of  education. 

As  the  home  approaches  the  apartment  type  and  the  family  the 
one-child  type,  under  the  pressure  of  modem  social  conditions,  the 
relative  importance  of  the  play  center  end  school  increases. 

In  this  social  situation  child  welfare  requires  a  new  spirit  and  a  new 
oi^anization  of  the  school  and  playground.  Both  ore  extra-home 
institutional  centers  of  child  hfe  and  both  exhibit  the  inefficiency  of 
an  incomplete  oiganization. 

As  the  playground  is  a  center  of  life  and  education  organized 
from  the  child's  standpoint,  and  the  school  is  a  center  of  child  expe- 
rience and  education  organized  from  society's  standpoint,  the  two 
institutions  should  be  combined  to  unite  the  two  points  of  view,  and 
unify  the  child's  educational  experience.  It  is  not  sufficient  that  a 
playground  space  be  added  to  the  school  or  that  a  group  of  manual 
or  other  activities  be  added  to  the  gamefl  of  the  playground.  The 
play  center  and  the  school  center  must  become,  one  in  spirit,  aim,  and 
organization. 
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the  younger  childrflti ,  lea<iprs  have  orgAnized  "play"  iiwtead  of  "work" 
without  knowing  it. 

The  gardening  moTemeot,  geography  excursions,  and  the  shift 
in  nature  study  from  that  of  plucked  and  disaected  eymbols  to 
a  study  of  nature  in  sction — changing,  growing,  eating,  repro- 
ducing, struggling  nature  with  all  its  vital  human  relationsbipe — 
all  these  activities  emphasize  the  fact  that  "learning"  most  he  apart 
of  life  and  huilt  on  vitalizing,  mind-filling  expetience. 

The  focal  point  of  thought  in  these  movements  drifts  towud  th# 
oi^;anizfttion  of  the  child's  whole  life  experience  on  a  concrete  labor- 
atory basis.  It  involves  a  recognition  of  child  capacities  and  needs 
previously  furnished  in  natural  contacts  wit^  a  simple  adult  life  now 
passed  away. 

Vocational  training  and  guidance  are  receiving  their  emphasis. 
Adjustment  for  the  masses  is  the  aim,  but  vocational  adjustment 
is  only  one  phase  of  Ufe — the  adjustment  of  the  adult.  Avocational 
or  recreational  adjustment,  social  adjustment,  citizenship  adjustment, 
and  domestic  adjustment  are  coordinate,  and  they  alt  depend  upon 
the  developmental  or  educational  adjustment  during  the  years  of 
growth.  Obviously  shallow  is  a  vocational  training  and  guidaooe 
that  is  not  based  on  educational  provisions  that  allow  the  child  all 
his  early  years  for  enthusiastic  living  and  achieving  until  the  work 
mechanism  is  established  and  talents,  interests,  or  capacities  are 
developed,  and  until  expert  leaders  who  are  guiding  this  livii^  proeeM 
may  discover  individual  tendencies  and  adaptabilities.  Further- 
more, a  vocational  training  that  is  not  based  on  oi^anic,  nervous, 
intellectual,  and  moral  development,  and  t^t  is  not  coordinated  witJi 
a  social  and  recreative  adjustment  and  a  preparation  for  citizenship 
and  domestic  life  adjustment,  is  bound  to  produce  workers  that  an 
but  inflexible  cogs  in  the  wheel  of  a  gigantic  machine  which  will 
inhibit  both  individual  and  social  pn^ress. 

The  new  efforts  for  backward  and  exceptional  children  reveal  the 
recognition  of  the  fact  that  our  wondeiiul  sdiool  mechanism  haa 
failed  in  results  for  great  masses  of  childroo.  The  consciouBoees  is 
growing  that  the  imiversal  "child"  when  differentiated  into  individual 
is  as  variable  as  the  number  of  children  and  Uiat  each  must  be  edu- 
cated in  a  variable  and  adapteWe  program.  Tbia  is  perfectly  i»»e- 
tical  when  activities  rather  than  subjecte  of  study  are  oi^anized. 

The  campaign  for  school  hygiene  has  become  almost  hysterical- 
Accumulating  evidence  has  shown  the  physical,  mental,  and  moral 
effects  of  long  hours,  confinement  and  overpressure  in  mental  work. 
Nevertheless,  there  is  a  demand  for  a  broader  manual  training,  a 
larger  nature  study,  a  fuller  "physical  education,"  and  an  efficteot 
moral  education — all  interpreted  as  "subjects  of  study"  and  added  to 
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the  old  BubjectB,  tc^Uier  with  new  phases  of  the  arts,  sciences,  and 
literature  pushed  hy  a  variety  of  indiTidoals  from  the  viewpoint  of 
their  own  adult  specialized  interests. 

Consequently,  school  hygiene  will  come  out  of  the  same  door 
wherein  it  Altered,  so  far  as  its  larger  functions  are  concerned, 
anless  child  life  is  put  squarely  on  its  two  hygienic  legs  in  school 
organization — the  one  an  open-air  life,  and  the  other  a  program  of 
activities  instead  of  subjects  of  study. 

Our  educational  fetish,  the  three  R's,  blocks  the  way.  Certainly 
children  must  acquire  the  tools  of  a  cultural  adjustment;  but  is  the 
learning  to  read  and  write  and  count  at  an  early  ^e  more  sacred 
than  the  health  of  our  children  and  an  enthusiasm  in  life  that  gives 
capacity  to  live  and  work  efficiently  f  At  present  the  danger  is  that 
the  fetish  will  be  imposed  at  5  or  even  4  years  of  age  and  some  few 
children  are  able  to  learn  to  read  and  write  daring  these  tender  yeaia 
for  the  edification  of  ambitious  teachers  and  vain  parents.  The 
point  is  not  what  some  c^dian  can  do,  nor  that  they  should  not  learn 
iheae  essentials  of  a  cultural  adjustment  during  childhood.  It  is 
that  to  make  reading  and  writing  a  requirement  to  which  all  other 
activities  are  subordinated,  say  up  to  the  child's  ninth  year,  is  insup- 
portable from  a  broad  educational  standpoint. 

The  time  has  come  when  men  are  beginning  to  realize  that  the 
stifling  of  the  child's  developing  enthusiasms  in  life  through  a  back- 
warping,  chest^ramping,  nerve-breaking,  mind-deadening  desk  and 
schoolroom  pr<^;ram  of  "studies"  is  as  cruel  as  the  Spanish  Inquisi- 
tion. 

The  tendencies  noted  point  to  the  solution.  All  the  vital  special 
desires  in  education  can  be  met,  the  overcrowding  eliminated,  the 
prt^ram  increased  to  8,  10,  or  12  hours  a  day  uid  through  365  days 
in  the  year,  the  present  injury  to  health  replaced  by  a  positive  con- 
struction of  vital  and  nervous  powers  of  which  health  is  an  index, 
moral  education  placed  squarely  on  a  laboratory  basis,  with  each 
child  treated  as  an  individual  as  well  as  a  creature  to  be  socialized, 
and  the  "learoing"  increased  both  in  quantity  and  quality  by  rein- 
terpreting the  school  as  an  open-air,  educationally  fused  play  and 
school  center,  and  by  shifting  the  emphasis  in  the  school  program 
from  subjects  of  study  to  the  oigauization  of  activities  which  evolve 
with  the  aid  of  leaderahip  into  specialized,  adult  interests. 

This  solution,  as  indicated  by  the  effect  of  recent  social  changes 
on  educational  practice,  is  also  demanded  by  the  social  changes  to 
come.  Society  has  reached  the  age  of  hunutn  engineering,  with 
child  education  as  its  foundation.  The  knowledge  and  skill  are  at 
hand.  In  the  past,  man's  human  engineering  efforts  were  confined 
to  correction  and  cure;  medicine  ^fras  the  dominant  human  engineer- 
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(a)  sin-miscLE  Acnvrnea. 

The  big-niUBcle  activitira  are  fundamental  to  al!  others.  They 
arise  out  of  the  primary  hxmgers  for  activity;  begin  in  the  random 
tnovements  of  the  infant ;  develop  through  the  various  stages 
of  locomotion  and  diverge  during  childhood  under  the  influence  of 
special  instincts  into  such  special  forms  as  gymnastics,  games,  dancing, 
and  athletics. 

(1)  Gymnastic  plays  arise  from  the  self-testing  impulse.  They  are 
personal  motor  achievement  plays  and  express  the  enthusiasm  for 
self-realization. 

(2)  The  dancing  activities  add  pleasure  in  rhythm.  They  begin 
in  spontaneous  forms  and  take  on  traditional  forms  through  imitation, 
developing  the  sense  of  rhythm,  as  well  as  the  capacity  for  artistic 
expression  in  body  movements.  They  also  have  deep  social  mean- 
ing and  influences,  especially  during  the  adolescent  years. 

(3)  Games  and  athletics  arise  from  the  hunting  and  self-protecting 
instincts  and  from  the  gregarious,  ^oistic,  and  fighting  instinctB 
which  find  expression  in  rivalry,  and  which  have  been  such  powerful 
forces  in  the  rise  of  civihzation.  These  instincts  develop  progressively 
in  gomes  of  fioeing,  chasing,  hiding,  seeking,  capturing,  and  escaping, 
and  later,  team  games  of  conquest. 

These  big-muscle  activities  are  the  developers  of  the  organic  powers 
and  the  fundamental  nervous  powers;  i.  e.,  they  are  the  educational 
source  of  vigor,  resistance  to  disease,  and  general  nervous  vitality 
and  skill.  They  lay  the  foundation  for  (adult)  capacity  to  labor. 
They  establish  wholesome  forms  of  recreation.  While  regarded 
usually  as  mere  muscular  exercises  or  "pastimes,"  these  activities, 
especially  the  games,  carry  the  discipline  of  the  racially  old  instincts 
at  the  foundation  of  character,  and  are  therefore  primarily  instinct 
educators  and  fundamental  in  their  influence  on  character  develop- 
ment. They  carry  the  "social  spirit"  and  discipline  the  social  in- 
stincts, emotions,  and  enthusiasm.  Hence,  in  the  education  of  children 
they  must  be  given  a  laige  place  and  be  guided  carefully  as  the  moet 
important  laboratory  activities  in  the  moral  phase  of  education. 

(b)  MANUAL  ACTivrnas, 

The  manipulating  and  manual  activities  arise  out  of  the  manipu- 
lating impulse  which  satisfies  the  hungers  for  activity  and  sense  ex- 
perience. Gradually,  imder  the  influence  of  the  "constructive"  im- 
pulse, imitaUon,  and  self-expression,  the  various  manual  activities 
arise.  These  tendencies  in  human  nature,  coupled  with  needs  for 
food,  protection,  and  expression,  have  developed  the  industrial  enter- 
prises and  graphic  arts  of  man.  In  the  child  they  b^in  in  general 
manipulatioD,  expanding  along  the  lines  of  construction  with  blocks 
and  miscellaneous  materials;  modeling,  scribbling,  drawing,  'colorinx;^ I C 
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p<di(ical  liberty.  It  was  in  1863,  less  than  a  year  after  the  publicsr 
tion  of  "Der  Boden  der  Stadt  Wien,"  that  he  entered  the  municipal 
oouncal  of  Vianna  where  he  remained  for  10  cooseoutire  years.  Resign^ 
pig  in  1S73,  he  returned  to  it  in  1882,  not  to  leave  the  comicil  defi- 
nitely until  1886.  In  1873,  he  had  been  elected  deputy>  and  for 
-  many  years  he  was  in  the  Austrian  Chamber,  one  of  the  orators  of  the 
left,  one  of  the  most  resolute  adversaries  of  the  ultramontaine  party, 
cne  of  the  leaders  of  the  hberal  party,  the  FortschrittsparteL 

It  is  difficult  to  believe  to-day  that  the  man  who  in  1875  wrote 
"DieEntetehungderAlpen,"  and  from  1878  to  1883,  the  first  volume 
of  "Das  Anthtz  der  Erde" — those  books  whose  prinoipal  character- 
istic is  their  cabunees — is  the  same  man  who  simultaneous^^  became 
excited  in  parliamentary  contests  and  startled  his  adversaries  by  the 
vivacity  of  his  attacks  and  his  quick  repartee.  The  identity  of  the 
great  scholar  and  the  man  of  politics  reappears,  however,  in  the 
speeches  of  the  latter.  At  all  times — say  those  who  have  heard  him 
in  the  chamber — his  eloquence  aroused  ui  him  a  sort  of  poesy,  without 
analogy  or  precedent,  a  poesy  in  which  are  seen  to  pass  in  review  the 
earth  and  its  inhabitant,  in  which  are  heard  chords  of  universal 
harmony.  Thus,  for  example,  he  compared  the  abrupt  dawn  of 
glory  and  influence  of  the  old  English  universities  to  the  sudden 
appearance  in  the  sky  at  a  point  until  then  hidden  from  the  con-  ' 
stellated  firmament,  of  a  new  star,  such  as  Mira  Coeli,  whose  light, 
although  unsuspected,  existed,  nevertheless,  for  centuries,  and  pro- 
ceeded toward  our  gaze  in  fathomless  space.  Sometimes,  wishiog  to 
speak  of  the  train  of  great  thoughts  and  worthy  ideas  which  travel 
from  nation  to  nation  bettering  mankind  everywhere,  he  described  to 
the  astonished  and  mute  assembly  that  isolated  reef  at  the  extreme 
tip  of  South  America,  where  navigators  have  placed  a  cask,  sheltered 
by  no  pavilion,  and  belonging  to  no  one.  Each  ship  that  passes  sends 
off  toward  this  desolate  rock  a  little  boat  and  the  sailors  who  climb 
its  sides  place  in  the  cask  letters  addressed  to  their  native  lands,  and 
from  it  take  the  letters  which  they  find  there  bearing  the  address  of 
the  countries  toward  which  they  are  bound.  The  sailors'  letters  thus 
wander  about  from  port  to  port  without  being  directed  by  anyone 
and  they  proceed  slowly  but  surely  toward  their  distant  goal.  Full 
of  such  figures,  this  manner  of  speech  belongs  to  Eduard  Suess;  it  is 
his  style;  and  never  was  a  style  more  personal  than  his. 

In  the  memory  of  the  Viennese  the  name  of  Eduard  Suess  will  ever 
remain  connected  with  two  great  municipal  works:  The  introduction 
of  drinking  water  and  the  regulation  of  the  flow  of  the  Danube. 
They  still  say  in  Vienna,  "Suess's  water,"  when  to  a  stranger  they 
praise  the  purity  and  freshness  of  the  water  used  in  that  great  city, 
and  which  since  1873  has  replaced  the  unwholesome  water  of  the 
Danube  and  the  lakes.    That  is  justice  to  Suess,  for  it  was  he  who 
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